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INTRODUCT ION 
Pr ov i d i ng a s u i t ab l e  e nv i r o nment fo r l act a t i ng s ow s  
and y ou ng p i g l et s  d u r ing s umme r c l imat i c  c ond i t i on s  i s  one 
of the most c r i t i c a l  e ng i ne e r i ng de s i g n cha l l e ng e s  i n  the 
l i v e s t o c k  i n d u s t r y .  Y o u n g p i g l e t s  p e r f o r m b e s t  a t  
e n v i r o n m e n t a l  t e mpe r a t u r e s  5 t o  1 0  d e g r e e s  c e l s i u s ( 9 - 1 8 
d e g r e e s  F )  h i g h e r  t h a n  t h e  opt i ma l t e mp e r a t u r e  f o r  s ow s .  
S u mm e r c l i m a t i c  c o nd i t i o n s  o f t e n  r e s u l t i n  a t h e r m a l  
e n v i r o nme n t  q u i t e  s u i t a b l e f o r y o u ng p i g l e t s , b u t  n o t  
s u i t a b l e  f o r  t h e s ow s .  T h e r e  i s  a n e e d t o  m o d i fy t h e 
t he r ma l  e n v i r o nm e n t  f o r  t h e  s ow t o  ob t a i n  t h e  d e s i r e d 
.the rma l e n v i r o nment s .  
Techn o l og i ca l  a d v ances hav e imp r o v ed c o nd i t i on s  f o r  
r e a r i n g p i g s  i n  c o l d  w e a t h e r .  R o s s  ( 1 9 6 0 ) r e p o r t e d t h a t  
- 2 9  d e g r e e s  c e l s i u s  ( - 2 0  d e g r e e s  F )  we a t h e r  i s  p r e f e r a b l e  
t o  35 d eg r ee s  c e l s i u s  ( 9 5 deg r ee s  F )  f o r  fa r r ow i ng b e c a u s e  
fac i l i t i e s  · a nd eq u i pment a r e  d e v e l oped wh i ch e f f e c t i v e l y 
m a i n t a i n  t h e d e s i r e d t h e r m a l e n v i r o nme nt s f o r  s ow s a n d 
p i g l e t s  d u r i n g  c o l d  w e a t h e r c o n d i t i o n s . C o�v e n t i o na l 
v ent i l at i on sy s t em s  i n  fa r r ow i ng r ooms may c a u s e  d r a f t s  on 
t he p i g l e t s  i n  a t t e mpt i n g t o  c o o l  t h e  s ow ·d u r i n g w a r m  
w e a t h e r .  O n e  o f  t h e r e q u i r e me n t s o f  b a by p ig s  i s  t h e 
c o m p l e t e  a b s e n c e  o f  d r a f t s  ( S a i n s b u r y , 1 9 7 0 ) . T h i s  
i nd i cate s a need  t o  i nv e st i g ate the pe r f o rman c e  a nd cost of  
z one c o o l i ng · sy s t ems for  warm w e a t he r cond i t i on s. 
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T h e  c omme r c i a l  v a l u e of  t h e  3. 1 4  m i l l i o n h o g s a n d  
p i g s  ma r k e t e d  b y  S o u t h  D a k o t a  f a r m e r s  i n  1 9 8 0  was 2 7 8 
m i l l i on d o l l a r s .  T h i s  r e p r e s e n t s  1 0  t o  1 2  pe r c e nt o f  t h e  
t ot a l  a g r i c u l t u r a l  p r od u c t  s a l e s f r om S o u t h  D a k o t a  f a r m s  
( J a n s s e n , 1 9 8 2 ) , a nd r a n k s S o u t h  D a k o t a a m o n g  t h e  t op 1 0  
h o g  p r o d u c t i o n  s t a t e s .  R e s e a r c h e r s h a v e d o c u m e n t e d  
i nc r eases i n  sw i n e  p r od uc t i v i ty t h r ough opt im i z at i on o f  t h e  
the rma l env i r o nme nt f or f a r r ow i ng fac i l i t i e s ,  wh i c h  c ou l d  
r e s u l t  i n  i n c r e a s e d  p r o f i t s  f o( S o u t h  D a k o t a f a r m e r s .  
Ag r i c u l t u r a l  e n g i n e e r s  m u s t  c o n t i n u e  t o  d e v e l o p a n d  
ev a l uate t e c hn iq ue s f o r  imp r ov i ng t h e  a n imal e nv i r onment t o  
p r o v ide p r od u c e r s  t h e  mea n s  f or e nhanc i ng p r od u ct i v ity.  
B e n ef i t s  o f  r e l i ev i ng the s ow of  heat s t r e s s  c a u se s  
a n e e d  t o  m o d i f y t h e  t h e r m a l e n v i r o n m e n t  i n  f a r r ow i ng 
ba r n s .  J e n s e n  ( 1 9 6 4 )  s tat e d  t hat the coo l i ng of  t he e n ti r e  
env i ronme nt i s  i mp r ac t i ca l .  The r e f o r e ,  a l t e r na t i v e  m e t h od s  
o f  pa r t i a l  ·mod i f i ca t i o n  o f  the e nv i r onment u s i ng a sy s t em 
t h a t  s u pp l i e d  m e c h a n i c a l l y  r e f r i g e r a t e d  a i r  a n d  a s e c o n d  
sys tem tha t s upp l i ed r e g u l a r out s i d e  a i r  t o  t h e  - s ow' s head  
a r e a  w e r e  i n v e s t i g a t e d .  T h e  o b j e c t i v e s o f  t h i s 
i nv e s t igat i o n  w e r e  t h e  f o l l ow i ng : 
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1. C omp a r e  s w i n e  p e r f o r ma n c e  a s  a f f e c t e d  by t h r e e  
e n v i r onmenta l a l t e r nat i v e s  · f o r  l a ctat i ng s ows : 1) c o o l ed 
a i r  d i r e c t e d  at t h e s ow h e a d  a r e a p l u s  c o n v e nt i o n a l 
v e n t i l a t i o n ,  2 )  o u t s i d e a i r  d i r e c t e d  t ow a r d  t h e s ow h e a d  
a r e a  p l u s  c o n v e n t i o n a l v e n t i l a t i on ,  a nd 3)  c o n v e nt i o na l 
summe r v e nt i l at i on o n l y .  
2 .  D o c u m e n t  t h e  e f f e c t s o f  t h e  a b o v e  l i s t e d  
e n v i r o n m e n t a i a l t e r n a t i v e s  o n  s w i n e p e r f o r m a n c e a s  
i n d i c a t e d  b y  s ow we i g h t  l o s s  d u� i n g  l a c t a t i o n ,  s ow f e e d  
c on s ump t i o n d u r i n g la c t a t i o n ,  p i g l e t m o r t a l i t y ,  p i g l e t 
w e i g h t g a i n  t o  s e v e n  d a y s  o f  a g e , p i g l e t w e i g h t g a i n  
d u r i n g l a c t a t i o n ,  t he t i m e  r e q u i r e d  f o r  t h e  s ow t o  r e t u r n  
t o  e s t r u s  a f t e r  w e a n i ng , and s ow r e s pi r at i on r at e s .  
3 .  Ev a l u a t e  t h e m e c h a n i c a l ope r a t i o n o f  t h e  s n ou t 
s y s t e m s  i n  t h e t e s t  f a c i l i t y i n  t e r m s  o f  e n e r g y  
r equ ireme nt s ,  sy s t em l i f e ,  a nd ma i ntenance r eq u ir ement s .  
REV I EW OF LITERATURE 
Ai r tempe r a t u r e ,  r elat iv e hum i d i ty,  a nd v eloc i t y ,  
o f t e n  c o l l e c t i v e l y t e r me d  t h e th e r m a l e n v i r o n me n t , a r e  
c r i ti c a l  fac t o r s  a f f e c t i ng sw ine pe r f o rman c e .  Re s e a r c he r s  
ag r ee that t h e  opt i ma l  the r ma l  env i r onment i s  a f unc t i o n  o f  
r a t i o n ,  h e r d  h e a l t h ,  f a c i l i ty d e s i g n ,  s w i n e  a g e ,  sw i n e 
w e i g h t , e n v i r o n m e n t a l  t em pe r a t u r e s ,  a i r  m o v e me n t , a n d  
r e l a t i v e  h u m i d i t y . T h e  c ompl e x i t y o f  s w i n e  p hy s i o l o gy 
ma k es i t  i mp r ac t i ca l  t o  t ry t o  def ine t he opt ima l t h e r ma l  
e n v i r o nm e n t  f o r  a l l p o s s i b l e c o nd i t i o n s .  H ow e v e r ,  t h i s  
p r ob l em can b e  s imp l i f i ed by l imit i ng v a r i ab l e s t o  t h o se of 
typ i c a l  f a r r ow i ng fac i l i t i e s  and management p r ac t i c e s .  
Animal Comfort: 
"T h e r m o n e u t r a l  Zon e" i s  a c on c e pt , n o t  u n i f o r m i l y 
d e f i n e d , w h i c h  c o r r e s p o n d s t o  a c o m f o r t a b l e  a n i m a l  
env i r onme nt whe r e  t h e  b e s t  f e ed e f f ice ncy , g r ow t h ,  and  m i l k 
p r od u ct i on a r e  a c h i ev ed.  C on s i de r ab l e  r e s e a r c h  e f f o r t  has  
b e e n  d i r e c t e d  t o w a r d  d e v e l o p m e n t  o f  s i m p l e w a y s  o f  
det erm i n i ng t h i s z on e ,  b u t  the c ompl e x i t ie s  of p hy s i o l ogy 
a nd t h e n u mb e r o f  v a r i ab l e s a f f e c t i ng t his zon e m a k e  
p r ec i s e de f i n i t i on s  · imp r ac t i c a l .  B r u c e  ( 1 9  8 1 )  d.e f i ne d the 
t h e r m o n e u t r a l  z on e  f o r t h e  p i g  as "t h a t  w i t h i n  w hic h t h e  
p i g ' s  h e a t  p r od u c t i o n i s  i n d e pe nd e nt o f  t empe r a t u r e , a n d 
wh i ch may b e  i d e nt i f i ed with  t he z one o f  ma x imum 
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p r od u c t i v i ty•. Heat pr od u ct i on by the p i g  w i t h i n  t h i s  z one 
is  p r i ma r i l y d e t e r m i n e d  by t h e  p i g's w e i g h t , a s s um i n g 
c o n v e n t i o n a l m a n a g e m e n t  p r a c t i c e s a t  t y p i c a l s w i n e 
f a c i l i t i e s .  T h e r e  i s  a d e c r e a s e  i n  r a t e  o f  w e i g h t g a i n  
out s i d e  t h e  opt ima l tempe r at u r e  r ang e ( Ha z e n  a nd M a n g o l d ,  
1 9 6 0 ) . 
I n g r a m ( 1 9 7 4 )  d e f i n e d  t h e  t h e r m o n e u t r a l z o n e  f o r  
s w i n e  t o  b e  t h e  r a n g e  o f  amb i e nt c o nd i t i o n s ,  u s u a l l y  
d e f i n e d  b y  e n v i r on m e n t a l  d ry - b u l b  t em pe r a t u r e s ,  w i t h i n  
w h i c h  t h e  a n ima l c a n  the rmo r e gu l a t e  by v a r i ati o n s  i n  t i s s u e  
i n s u l a t i o n .  L ow e r  c r i t i c a l  t e mpe r a t u r e  i s  t h e  l ow e s t  
amb i ent tempe r a t u r e  a t  whi c h  r e st i ng me tab o l i c r a t e  r ema i n s  
mi nima l . Uppe r c r i t i c a l tempe r a t u r e i s  s om e t i me s  d e f i ned 
as the hi g he s t  amb i ent tempe r a t u r e  at whi c h  me t ab o l i c  r at e  
r em a i n s  m i n i ma l , b u t  I ng r a m ( 1 9 7 4 )  s u g g e s t e d  t h a t  p e r ha p s  
t h e  u ppe r c r i t i c a l  t e mp e r a t u r e  i s  b e s t  c o n s i d e r e d a s  t h e 
a m b i e n t te m p e r a t u r e  a b o v e w h i c h  t h e p i g  i n c r e a s e s  
ev apo r a t i v e h e a t  l os s  t o  d i s s ipate e x ce s s  hea t .  Th e v a l ue s  
f o r  t h e  uppe r c r i t i c a l  -t empe rat u r e  est ima t ed b y  t h e s e  two 
method s  a r e  not the s ame.  
·B r u c e ( 1 9 8 1 )  s t a t e d  t h a t  t h e  l o w e r c r i t i c a l 
tempe ratu r e  v a r i e s  w i t h  f eed i ng l e v e l ,  we i gh t ,  a�d f l o o r i ng 
t y p e .  Ai r v e l oc i t y a l s o a f f e c t s t h e l ow e r  c rit i c a l  
t empe r a t u r e  ( C l o s e  e t  a l . ,  1 9 8 1 ) . T h e  u pp e r c r i t i c a l  
t empe r at u r e  - i s  a f f ec t ed by f e ed i ng l ev e l , we i g ht , t ype of 
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f l oo r i ng ,  a nd mo i st u r e  cond i t i ons ( B r u c e , 1 9 8 1 ) . M o i st u r e 
cond i t i on s  r ef e r  t o  t he o ppo r tuni ty f o r  wa l l ow i ng , wh i ch i s  
t h e p i g ' s  m e t h od o f  w e t t i ng t h e s k i n  s u r f a c e  t o  i n c r e a s e 
the ev apo r a t i v e  c o o l i ng r at e  s ince the p i g  d o e s  n ot swe a t  
( M o u n t , 1 9 6 6 a ) . A n u mb e r  o f  o t h e r f a c t o r s  s u c h  a s  a i r 
v e l o c i ty ,  r a d i e n t  t em p e r a t u r e , a n d  p r e v i o u s  c 1  i ma t i c 
h i s t o ry a f f e ct t h e s e  t emp e r at u r e  v a l ue s  ( I ng r am ,  1 9 7 4 ) . 
A n  impo r t a n t p hy s i o l o g i c a l  c h a r a c t e r i s t i c  o f  t h e  
pig  i s  i t s  i nab i l i ty t o  sweat.  Ec c r ine g l a nd s ,  ab undant on 
h uman sk i n  s u r f a c e s ,  pe r m i t  .sweat ing , a nd the pig has t h e s e  
g l a nd s o n  t h e s n o u t  a n d l i p s .  T h e  r e s t o f  t h e p i g ' s  s k i n  
c o n t a i n s  a p r o c i n e g l a n d s ,  w h i c h d o  n o t  p e r m i t  s w e a t i n g 
{ M ontog na , 1 9 6 6 ) . Th i s  r e s u l t s  i n  the p i g  h a v i ng a na r r ow 
z on e  o f  t h e r m a l n e u t r a l i t y ( M o u n t , 1 9 6 6 ) . M o u n t  ( 1 9 6 8 ) 
s t a t e d  t h a t  t h e p i g  d o e s n o t  sw e a t  i n  r e s p o n s e  t o  t h e r m a l 
s t i m u l i a n d  c o n c l u d e d t h a t  t h e  p i g  l o s e s  l e s s  w a t e r f r om 
t h e s k i n  t h
.
a n  a ny o t h e r m amm a l w h i c h  h a d  b e e n  s t u d i e d  u p  t o  
t h a t  t i m e .  A l t h o u g h t h e  p i g i s  c o n s i d e r e d t o  b e  
n o n s w e a t i n g , i t  c a n  i n c r e a s e  s k i n  m o i s t u r e  l o ss b y  2 t o  3 
t ime s when hot ( M o r r i s on e t  a l . ,  1 9 6 7 ) .  
H e i t m a n  e t  a l .  ( 1 9 5 8 ) c o n c l u d e d  t h a t  2 3  d e g r e e s  
c e l s i u s ( 7 4  d e g r e e s  F )  r e s u l t e d i n  a ma.x i m u m  r a t e  o f  g a i n  
f o r  4 5  k g  ( 1 0 0  l b ) h o g s  w h i l e  1 6. d e g r e e s  e e l  s i u s  ( 6 1 
deg r ee s  F )  r es u l t ed i n  max imum w e i g ht g a i n f o r  1 6 0  k g  ( 3 5 0  
l b ) h o g s .  B ond e t  a l .  ( 1 9 5 9 ) f o u n d  s i m i l a r ,  b u t  s l i g h t l y  
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d i f f e rent , opt ima l tempe r a t u r e s  w i t h  2 3  degre es c e l sius (74 
d e g r ee s  F )  r e sul t i ng i n  max imum w e i g ht g a in f or 4 5  kg ( 10 0  
l b ) h o g s a nd 18 d e g r e e s  c e l s i u s  ( 6 4  d e g re e s  F )  f o r  16 0 k g  
(35 0 l b ) h o g s .  Bru c e  ( 19 8 1)  d e f i n e d  a n  u pp e r  c r i t i c a l 
t empe r a t u r e  v a l ue ra n g e f o r  a 14 0 k g  ( 3 1 0  l b )  s ow o f  2 2  t o  
2 8 -d e g r e e s  c e l s ius (72 -8 2 d e g r ee s  F), d e pe nd i n g  o n  t h e  type 
of f l oo r .  
Nu r s i ng p i g l et s  hav e a h i g h e r  t he rrnone u tra l zone.  
Bruce ( 19 8 1 )  e s t i ma t ed the l owe r c r i t i c a l  tempe r ature for a 
nu r s i n g p i g  t o  r a n g e f r om 2 5  t o  3 1  d e g r e e s  c e l s i u s (77-8 8 
d egrees F ) . Sa i nsb u r y ( 1970 )  de t e rm ined the l ow e r  c r i t i ca l 
t em pe r a t u r e s t o  b e  3 5  d e g r e e s  c e l s i u s  ( 9 5 d e g r e e s  F )  a t  
b i r t h , 2 9  deg r ee s  c e l s i u s  ( 8 4  deg r ee s  F )  up t o  4 kg ( 9  l b ) , 
a n d  2 4  d e g r e es c e l s i u s  (75 d e g r e e s F )  u p  t o  1 0  kg ( 2 2 l b )  
f o r p i g l e t s  e x p o s e d  t o  s t i l l  � i r c o nd i t i o n s  ( v e l o c i t i e s  
l e s s  t h a n  . 1 5 m/ s ( 3 0  f pm ) ) .  I n c r e a s i ng t h e a i r  v e l o c i t y  
f r om b e l ow· . 1 5  m/ s ( 3 0  f pm )  t o  b e t w e e n  . 1 5  a n d  .75 rn/ s { 3 0 -
5 0  f pm )  r e s u l t s i n  a 5 . 6 d e g r e e s  c e l s i u s ( 10 d e g re e s  F) 
i nc r e a s e  i n  t h e s e  c r i t i c a l  t empe rat ure v a l ue s .  M cG i nni s e t  
a l . (19 81) e s t i ma t ed a l ow e r c r i t i ca l  t empe r a t u r e  v a l u e o f  
3 4  deg ree s  c e l s i us ( 9 3  d eg r ee s  F )  f o r a newbo r n  p i g .  
T h e r e  i s  l i t t l e , i f  a n y , ove r l a p  o f  t h e  
the rmone ut r a l zone s f o r  t h e  s ow a nd l i t t e r .  Th i s  l ead s t o  
t h e  c o n c l u s i o n  t h a t  t h e r e  i s  a n e e d  f o r 2 d i ffe r e n t  
e n v i r o nm e n t s i n  t h e  f a r r ow i n g r o om ( B r u c e , 1 9 8 1 ;  K a r h n a k 
8 
a nd A l d r i c h ,  1 97 1; But c h b a k e r  a n d S ha n k l i n ,  1 9 6 5 ;  Bond e t  
a l . ,  1 9 5 2 ) .  S ow h e a t  st r ess r e s u l ts f r om m a i n t a i n i n g a 
f a rrow i ng r o om e nv i r o nme nt opt im a l  f o r  new b o r n  t o  wea n ing 
age  p igs. Ad v e rse e f f ec ts o f  sow heat stress a r e d e c r eased 
m i l k  prod u c t i on ,  w h i c h  d e c r ease s pig l et g r ow t h ,  i nc r e ased 
s ow we i g h t  l os s , a n d  d e c r e a s e d  r e s ist a n c e  t o  d i se ase 
org a n i s m s  ( Esma y , 1 9 6 9 ) . He a t  s t res s  is r e f l e c t e d i n  
growth ,  produc t i o n ,  and h ea l t h ( E smay , 19 6 9 ) . 
Hi g h  amb i e n t  a i r t empe r a t u r e s  s om e t i me s  d e cre a s e  
b r e e d i n g e f f i c e n c y  i n  sw i n e .  T e a q u e  e t  a l .  ( 1 9 6 8 ) f o u n d  
h i g h  amb i e n t a i r t em p e r a t u re c o nd i t i ons d e c r e ase t h e 
o v u l a t i o n  r a t e ,  i nc r e ase a n est r u s  a n d  t h e  n u mb e r o f  s ow s  
r e t u r n i n g t o  e s t r u s  a s e c o n d  t i m e , a n d  d e c r e a s e  t h e 
pe r c e nt a g e  o f · g i l t s  t o  b e c ome p r e g n a n t .  Ho l m e s  ( 1 9 7 3 ) 
f ound hi g h  amb i e n t  t empe r a t u res c a u s e  a n  i n c r e a s e i n  t h e 
ma i nt ena nc e r eq u irement s of  sw i ne. 
Tempe r at u r e  r eg u l a t i ng sy stems in baby p i g s  a r e n ot 
f u l l y  d e v e l o p e d  ( New l a n d  e t  a l . ,  1 9 5 2 ) . T h e  h om e o t h e r m i c  
ab i l i t i e s  o f  y o u n g p i g s  a r e ,  t h e r e f o r e ,  e a s i l y e x c e e d ed 
( But chb a k e r  a n d S h a n k l i n ,  1 9 6 5 ) . T h e  y ou n g  p i g l e t i s  
su c ept i bl e t o  h e a t  s t re s s  ( M o u n t , ·1 9 6 8 ) , b u t  a l s o  h as l ow 
h e a t  p r o d u c t i o n  a nd h i 9h t h e r m a l c o n d u c t i o n (�a i n s b u r y ,  
1 9 7 0 )  • C u r t  i s ( 1 9  7 0 )  f o u n d  t h a t  a n ew b o r  n p i g  h a s · 1 i t t  1 e 
i nsu l at i on a nd poo r  m e t ab o l i c  r e spon s e ,  b u t  a f t e r t �o d ay s  
t h i s  m e t a bo l ic r e s po nse i m p r o v e s .  At a t e m pe r a t u r e  o f  2 0  
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d e g r e e s  c e l s i u s  ( 6 8 d e g r e e s  F ) , t h e  m e t a b o l i c  r a t e  o f  a 
newb o r n  p i g  m u s t  d o u b l e ,  re l a t i v e  t o  t h e  t h e r mo n u e t r a l  
metab o l i c  r a t e ,  t o  ma i nt a i n  pr ope r b ody tempe r a t u r e  ( M ount , 
1 9 6 8 ) . B l e c h a  a nd K e l l ey ( 19 8 1) c o n c l u d e d  t h a t  a s i n g l e  
2 . 5  h o u r e x p o s u r e  o f  p i g l e t s  t o  c o l d a i r  t em p e r a t u r e s  a t  
b i r t h  r e d u c e s  t h e  s ub s e q u e n t  a cq u i s i t i o n  o f  c o l o s t r a l  
i mm u n o g l o b u l i n ,  w h i c h  m a y  c o n t r i b u t e  t o  p r e w e a n i n g 
m o r t a l i ty i n  p i g l e t s. 
Modes � � Transfer: 
T h e  p hy s i o l o g i c a l r e s po n s e  o f  sw i ne t o  v a r i o u s  
e nv i r onment a l  f ac t o r s  a r e  r e l ated t o  the  met h od s  by wh i c h  
sw i ne l os e  heat  a n d  mo i s t u r e  t o  t h e  env i r onment.  Ha z en a nd 
M a ng o l d  ( 1 9 6 0 )  d i v i d e d  h e a t  l os s  f r om swi n e  i nt o  two m od e s ,  
, ,  
s e n s i b l e  a n d l a t e n t .  S e n s i b l e  h e a t  l o s s  i n c l u d e s  
c o nd u c t i o n ,  c o n v e c t i on ,  a nd r ad i a t i o n .  T h e  l o s s  o f  h e a t  
e n e r g y t h ro u g h  t h e a d i a b a t i c  s a t u r a t i o n  o f  t h e  a i r- v a p o r 
m i x t u r e  f r om t h e  l u n g  c a v i ty a n d  sw e a t i n g i s  t h e  l a t e n t  
heat l oss.  
Cond uc t i v e  h e a t  l o s s  c on s i s t s  of  h e a t  l o s s  f r om t h e  
p i g  t o  a . s u r f a c e  i n  d i r e c t c o nt a c t  w i t h  t h e  a n i m a l 's ski n 
s u r f a c e , a l m o s t  a l w a y s  t h e f l o o r .  S p i l l ma n  a n d H i nk l e 
( 1 97 1) i nv e s t i g a t e d  t he e f f e ct of f l oo r  t empe r a t u r � o n  t h e  
c o nduct i v e  h e a t  l os s  f r om sw i ne t o  the f l o o r  a n d  c on c l u ded 
t hat t he t empe r a t u r e  of  the f l oor  ha d no s i g n i f i ca n t  e f f e ct 
1 0  
on the c ond u ct i v e h e a t  l os s  t o  the f l oor, wh i l e  amb i e n t a ir 
t empe r atu r e  d i d h a v e a s i g n i f ica nt e f fect on t h e  c ond uct i v e  
heat l os s. F l o or t empera t u r e  and amb i ent a i r t empera t u r e  
i nt eract ed t o  h a v e a s i g n i f i ca nt e f fect on t h e  conduct i v e  
h e a t  l o s s  t o  t h e  f l o or. T h e i r  i n v e s t i g a t i o n a l s o  s h ow e d  
t h a t  c on d u c t i v e  h e a t  l o s s  t o  t h e  f l o or f rom t h e  h og w a s  
h i g h e r w he n t -h e  f 1 o o r  w a s m a i n t a i n e d  a t  2 1  t o  2 7  d e gre e s  
c e l s i u s  { 7 0 -8 0 d e g r e e s  F )  c om pa r e d t o  w h e n  t h e  f l o o r w a s 
ma i nt a i n e d  a t  18 d e g re e s  c e l s i u s � 6 5  d e gr e e s  F ) . E ar l i e r  
w o r k  by K e l l y  e t  a l .  { 19 6 4 )  r e s u l t e d  i n  s i m i l ar f i nd i n g s  
w i th cond u c t i v e heat  l os s  t o  t h e  f l oor  i n cre a s i ng whe n the 
. f l oo r  t empe r a t ure was  r a i s ed to 2 1- 2 7  degre e s  c e l s i u s  { 7 0 -
8 0  deg r e e s  F ) , t he n  d e cre a s i ng a s  the f l oo r  t empe r a t ure w a s  
inc r ea s ed b ey ond t he 2 1  t o  2 7  d eg r ee s  ce l s i u s { 7 0-8 0 d eg r ee 
F )  r a ng e .  
H e a t  t r a n s f e r t o  t h e e x t e r i o r  s u r f a c e s  o f  t h e  
a n ima l i s  mai n l y d ue t o  b l ood c i r c u l a t i on.  Sk i n  b l o od f l ow 
w a s  e v i d e n t l y  r e d u c e d  by t h e  c o o l e r  s l a b s  { E smay , 1 9 6 9 ) , 
and  r ed u c e d  s k i n  b l o od f l ow d e c r e a sed t h e  c onduct i v e heat 
l o s s � T h i s  p h y s i o l o g i c a l  a b i l i t y o f  t h e a n i m a l t o  
e f f e c t i v e l Y. a l t e r  the  c ondu c t i v i ty · betwe e n  i t s· b ody a n d  t h e  
c onta ct i ng s u r f a c e  m�an s t h a t  conduct i v �  h e a t  l os s  i s  n ot 
d i r e c t ly pr opo r t i ona l  t o  t he t empe r at u r e  d i f f e r e nce·b e tween 
b o d y  c o r e t e m p e r a t u· r e  a n d t h e  f l o o r  t e m p e r a t u r e . 
I n v e s t i g a t i o n s  c o n d u c t e d  b y  Sp i l l m a n  a nd H i nk l e  { 1 9 7 1) 
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s h ow e d  a ma x i m u m  c o n d u c t i o n h e a t  l o s s  r a t e  a t  a n  amb i e n t  
a i r  t empe r a tu r e  o f  33 d e g r ee s  ce l s i u s ( 9 0  d e g r ee s  F )  and a 
f l oor t empe r a t u r e  o f  2 4  deg r ee s  c e l s i u s  (75 d eg r ee s  F ) . 
Conv e c t i v e  h ea t  l o s s  i s  t h e  h e a t  t r an s f e r f r om the  
a n i ma l ' s s k i n  s u r f a c e  t o  t h e  a i r  s u r r o u n d i n g t h e  a n i m a l .  
C l o se ( 19 8 1} s t a t ed t ha t  i nc r ea s i ng a i r mov ement i nc r ea s e s  
c o nv ec t i v e h e a t  l os s  f r om sw ine.  The amo u nt o f  e ne r g y  l os t  
t h r ough conv e c t i o n  d e c r e a s e s  a s  t h e  amb i e nt a i r  t empe r a t u r e 
r i s e s. I f  t h e  amb i ent a i r  tempe rat u r e  i s  eq u a l  t o  o r  abov e 
t h e  b o d y  t e m p e r a t u r e  o f  . t h e  p i g ,  a l l p o t e n t i a l  f o r  
c o n v e c t i v e h e a t  l o s s  i s  g o n e  ( E s ma y , 1 9 6 9 ;  B on d  e t  a l . ,  
19 6 5 ) . C l o s e  ( 19 8 1 )  s t a t e d t h a t  t h e  e x t e n t t o  w h i c h  a i r  
mov emen t  ca u s e s  a n  i n c r e a s e  i n  heat l os s  i s  d ependent upon 
a n  a n i ma l ' s  b o d y  w e i g h t , t h e  t e mp e r a t u r e  of e x p o s u r e ,  a n d  
whe t he r i t  i s  pe nned i nd i v i d u a l l y o r  i n  a g r oup. 
Young e r  a n i ma l s  a r e more s u s ce pt ib l e  to chang e s  i n  
a ir m ov ement t h a n  o l d e r  a n i m a l s  ( H o l m e s  a nd M o u n t , 1 9 6 7} . 
S i m i l ar l y ,  l ow a i r  v e l o c i ty c h a n g e s  a r e p r op o r t i o n ate l y  
mo r e  e f f e c t i v e i n  i nc r ea s i n g  heat l os s  t ha n  s im i l a r  chang e s  
a t . h i g h  w i n d s pe e d  ( M o u n t , 19 6 6 b ) . T h e  e f f e c t  o f  a i r 
m o v e m e nt i s  a l s o  t e mp e r a t u r e -d e p e n d e n t , w i t h  .t h e h i g h e r  
l o s s e s  oc c u r r i n g  at low e r  e n v i r o nment a l  t e m pe r a t u r e s 
( C l ose , 1 9 8 1 ) . F o r  i nd i v i d u a l 2 5  k g  ( 5 5  l b ) p i g s ,  ·eac h .OS 
m/s ( 10 fpm )  i nc r ea s e i n  a ir mov eme nt a bo v e  the w i nd s pe ed 
at w h ich f o r ce d c o n v e c t i o n  p r e d om i na t e s ,  . 2  m/ s ( 4 0  f prn) , 
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wa s e q u i v a l e n t t o  a 1 d e g r e e  c e l s i u s ( 1 . 8 d e g r e e s  F)  
d e c r ea s e  i n  a i r t e m p e r a t u r e . F o r  6 0  k g  ( 1 3 0  l b) p i g s ,  t h e 
e f f e c t  wa s l e s s ,  eac h . 1  m/s ( 2 0 f pm )  i n c r ea s e  b e i n g 
e q u i v a l e n t  t o  a 1 d e g r e e c e l s i u s  ( 1 . 8 d e g r e e s  F )  d e c r ea s e  
( C l ose , 1 9 8 1) .  Th i s  e f f e ct w i l l ,  howev e r ,  d i m i n i sh a s  ai r 
v e l o c i ty d e c r e a s e s  ( C l o s e ,  1 9 8 1 ) .  G r o u p s  of p i g s  a r e  
aff e cted l e s s  by ai r v e l oc i ty t han i nd i v i d ua l  pi g s  b e cau s e  
o f  hudd l i ng and w i nd b r eak e f fect s ( C l ose , 1 9 8 1 ) . Sa i n sb u ry 
( 1 97 0) st a t ed t hat on e r eq u i r ement _o f  y ou ng p i g l e t s  was the 
c omp l e t e  abs ence of dra f t s .  Newb orn p i g l e t s  hav e l ow heat 
p r o d u c t i o n a nd h i g h  e n e r g y l o s s e s ,  an d t h e r e f o r e ,  can n o t 
t o l e r a t e e v e n  l ow a i r v e l o c i t i e s ,  e v e n w h e n  e x p o s e d t o  a 
wa rm e nv i r onme nt .  
The rma l  rad i a t i o n i s  t h e  t ransf e r  o f  h eat f rom one 
s ur f a c e  t o  a n o t h er b y  e l e c troma g n e t i c  w a v e s .  A n  e n e r g y 
e xc hang e occu r s  w h e n  two b od i e s  a r e  w i t h i n  v i s ua l  rang e of  
e a c h o t h e r ·a nd a r e  s e para t e d  by a n o nrad i a t i o n a b s o r b i n g 
me d i um .  Th e s e  a r e  c o n t i n u o u s  pr oc e s s e s  o f  e m i s s i o n  a n d  
a b s orpt i o n b y  eac h b od y .  Whe n t h e b od i e s  a r e  t h e  s am e  
tempera t ure t h e  n e t  h eat e x chang e i s  z e r o. I f  t h ey a r e  at  
d i f f er e n t  tem p e r a t ure s ,  t h ere i s  a net  t r a n � f e r of  h e a t  
energy from t he w a rmer t o  the co l d e r  body { E smay , . 1 9 6 9) .  I n  
fa i r l y typi c a l  s ummer c ond i t i ons f or sw i ne ,  r ad iat i on h e a t  
l o s s  a c c o u n t s  f or n e at l y l / 2  o f  t h e  n o n e v a p o r a t i v e  h e a t  
l o s s e s .  E s �ay ( 1 9 6 9 ) a l s o  s t a t e d  t h a t  r ad i a t i v e h e a t  
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l os se s  f or sw i n e  may b e  c ons idered t o  b e  abo u t  t h e  same as 
conv e ct i v e  l o s s e s  s i nc e  conduct i v e  h eat l o s s e s  t o  the f l o or 
are n orma l l y  q u i t e  m i n i ma l .  I n creas e d  a i r  v e l o c i t i e s  
s ub s tant ial l y  red u ce rad iat i v e h eat l os s e s  from sw i ne d u e  
t o  t h e  re s u l t i ng l ower i ng o f  t h e  sk i n  s urfac e t emperat ure 
( B o n d  e t  a l . ,  1 9 6 5 ) . 
Lat e n t  h ea t  l o s s ,  t h e  e v ap orat i o n of mo i s t ur e , i s  
the f ourt h mean s of h eat d i ss ipat i on f or s w i ne.  There are 
t w o  way s f o r a pi g t o  d i s s i pat e_h ea t  b y  e v ap ora t i o n o f  
mo i sture , e vaporat i on of m o i sture from the l u ng cav i ty and 
e v ap orat i o n  o f  mo i s t ur e  f rom t h e  s k i n  s urfa c e . Haz e n  a n d  
Mang o l d  ( 1 9 6 0 ) s t at e d  t hat t h e  p i g  i s  c on s i d e r e d  t o  b e  
nonsweat i ng .  M orr i s on e t  a l . ( 1 9 6 7 ) conc l ud e d  t hat a l t h o u g h  
t h e p i g  i s  c o n s i d ere d t o  b e  n o n s w eat i n g ,  t h e  p i g  c a n  
i ncrease s k i n  moi s t u r e  l os s  b y  2 to 3 t i me s when h ot .  Sk i n  
mo i st ure l o s s  amou nted t o  app r ox imat e l y  5 0% ,  rang ing from 
3 5% t o  67% , · ·of t h e  t ota l mo i s ture l o s s  f r om t he p i g .  Thes e 
i nv e s t igat ors al s o  s tate d  that an increas e  i n  air v e l oc i ty 
cau s e d a d e cr ea � e i n  s k i n  m o i s t u r e  l o s s . Iy e n�ar ( 1 9 7 4 )  
i nv e s�igat ed t h e  u s e  of an ins pired -air c o o l i ng sy s t em f or 
d a iry cat tle a n d  s ta t e d  t hat re s pirat ory c o n v e c t i v e  h ea t  
l o s s  and r e spi rat ory l at ent heat l os s  re�ov e heat from t h e  
re s p i ra t o r y  cav i t y  a n d  a r e  fun c t i o n s  of t h e  p u' l m o nary 
v en t i lat i on rat e a n d  t he i n sp ired ai r propert i e s .  
T h e  lo s s  of h e a t  by e v ap o r a t i o n  d e p e n d s o n  t h e  
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c han g e  o f  s ta t e  o f  wa t er from l i q u i d  t o  v ap or, a pro c e s s  
w h i c h  t a k e s  u p  h ea t  f r om t h e  s urro u nd i ng s .  In t h i �  c a s e , 
t h e  l u n g s .  T h e  a c t u a l q u ant i t y  o f  h e a t  e n er g y  i n v o l v e d 
d e pe n d s  o n  t h e l a t e n t  h ea t  o f  v ap or i z at i o n ,  t h e  am o u n t  of  
wat er av a i l ab l e w i t h i n  t h e l u n g  cav i t y ,  t h e wat e r  v ap or 
preas ure w i t h i n  t h e  l u ng cav i ty , t h e  wat er v ap or preas ure 
o f  t h e e n v i r o n m e n t a l  a i r ,  a n d  t h e  p u l m i nary v e nt i l at i o n 
rat e ( M o u n t , 1 9 6 8) .  M cL e a n  ( 1 9 7 4 ) s tat e d  t hat t h e  p i g  can 
d i s s i pat e o n l y  a s m a l l part o f _ i t s  h ea t  pro d u c t i o n by 
e v ap orat i o n f r om t h e re si:> i rat ory trac t , p l u s  a s m a l l 
add i t i ona l  amou nt of heat by warm i ng t h e  i n sp ired air w h e n  
t he amb i e nt air t emperat ure i s  be l ow b ody tempera ture.  
M orr i s o n et  a l . ( 1 9 6 7) f o u n d  t hat w h e n  e x p o s e d  t o  
an e n v i ro n m e n t  o f  2 9  d e gre e s  c e l s i u s  ( 8 5 d e g re e s  F), t h e 
p i g  t r i p l e d  l u n g  m o i s t ure l o s s  and d o u b l e d s k i n  m o i s t ure 
l o s s  c om par e d  t o  w h e n  e x p o s e d  t o  1 6  d e gr e e s  c e l s i u s  ( 6 0  
d e g re e s F)�- It wa s a l s o  f o u nd t h a t  a s  r e l at i v e  h u m i d i t y  
i ncrea s e d , l u n g  m o i s t ure l o s s_ d e cr ea s e d .  T h i s  s t u d y 
c onc l ud ed t ha t  the e v apo r i zat i on of m o i s t ure is t h e  maj or 
av enue o f  heat l o s s  at h ig h  amb i e nt tempera t ure s f or sw i ne .  
B o n d  e t  a l . ( 1 9 5 2) s t u d i ed t h e h eat l o s s  o f  s w i n e  
at v ary i ng env ironment a l  t emperat ures f or a l l mode s o f  heat 
l os s ( f i g ure 1). As e n v ironmental t emperat ure · ri se s ,  
s e n s i b l e h ea t  l o s s  from sw i n e d e cre a s e s  a n d  l a t e nt h e a t  
l o s s es i n c rea s e  ( Bru c e , 1 9 8 1 ;  S p i l l m a n  a n d  H i n k l e ,  1 9 7 1 ;  
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E s may , 1969 ; Mo r r i so n  e t  a l . , 1 967 ) .  B on d  e t  a l .  ( 1 9 65) 
s tat e d  t hat a t  a n  e n v iro nm e n t a l  t em pera t u r e  e q ua l t o  or 
above 4 0  de gre es c e l si u s  ( 1 0 4  deg r e e s  F) , a l l pot e nt ial  f or 
c o nv e c t i v e h ea t  l os s  i s  g o n e .  I f  t h e e n v i r o nm e n t a l 
t empera t u r e  i s  e q u a l  t o  or ab o v e  t h e  b o d y  t em p e r at ure o f  
t h e - p i g , a l l h ea t  l o s s  w i l l b e  e v ap orat i v e  ( Esmay , 1 969 ;  
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Par t i t i onal heat - l oss d iagram f or a 26 t o  3 7  k g  
pi g ( Bo nd e t  al . ,  1 9 5 2) . 
( Val u e s  are f or a p i g  ih a grou p . )  
1 6. 
Environmental Contra� Practices: 
V e n t i l at i o n i s  a s y s t em o f  a i r e x c han g e  w h i c h i s  
i n t e n d e d  t o  ac c om p l i s h o n e  o r  m o r e  o f  t h e  f o l l ow i n g : 1 )  
p r o v i d e  t h e  d e s i r e d am o u n t  o f  a i r ,  w i t h o u t  d r af t s ,  t o  a l l 
pa r t s  o f  t h e s h e l t e r ,  2 )  ma i n t a i n t e mpe r at u r e s  w i t h i n t h e  
s he l t e r  w i t h i n d e s i r ed l im i t s , and 3) mai ntai n  t h e  r e l at i v e  
h u m i d i ty w i t h i n  t h e  s h e l t e r  w i t h i n  d e s i r ed l i m i t s  ( AS AE , 
1 9 8 5 ) .  The v ent i l at i on s y s t em a l s o  b r ing s  in  oxyg en n e e d e d  
t o  s u s ta i n  l i fe , c a r r i e s  out  ha rmf u l  gase s and u n de s i rab l e 
od o r s ,  and d i 1 u t e s a i r - b o r n e d i s ea s e  o r g an i s m s  ( M WP S , 
1 9 8 3b). M e c han i cal v e nt i l at i on sy t ern s  i n  l i v e st ock h ou s i ng 
a r e c ha r a c t e r i z ed a s : p o s i t i v e  p r e s s u r e  s y s t e m s , n e u t r a l  
p r e s s u r e  sy s t ems , a nd negat i v e  p r e s su r e  sy s tems , w i t h  t he 
last b e i ng t he most popu l a r  i n  swine hou se s  ( MWPS ,  1 9 8 3a) . 
P o s i t i v e  p r e s s u r e  sy t em s  u t i l 1z e  fan s t o  f o r c e  f r e s h  a i r 
i nt o  t h e  b u i l d i n g , w h e r e  i t  i s  d i s t r i b u t ed b y  a b af f l e  o r  
b y  a d u c t  hav i n g  o u t l e t s  t o  c o n t r o l  t h e  a i r d i s t r i b u t i o n  
p a t t e r n . A i r a l s o  e x i t s  t h e  b u i l d i ng t h r o u g h  c ra c k s a n d  
p l a n n e d  o u t l e t s  d u e t o  t h e p r e s s u r e  d i ff e r e n t i a l b e t w e e n 
i ndoo r s  a n d o u t d o o r s .  N e u t r a l p r e s s u r e  s y s t e m s  u t i l i z e  a 
fan ( o r  fan s )  t o  i nt r od u c e  f r e s h  ai r i nt o  the bu i l d i ng ,  and 
a s e c o nd f a n  ( o r  fan s) t o  r em o v e a i r  f r om t h e  b u i l d i n g , 
r e s u l t i ng i n  neg l ig ib l e  s tat i c  p r e s s u r e  d i ff e r enc e-b e t w e e n  
t h e  b u i l d i n g  and i t s. s u r r o u n d i n g s . N e g a t i v e  p r e s s u r e  
sy st ems ut i l i z e  fans t o  f o r c e ai r out of the bu i l ding wit h  
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fre s h  a i r  e n t e r i ng t h r oug h crac k s  a n d  p l a n n e d  i n l e t s .  
In l e t s  are l ocat ed i n  a ma n ner t o  d i stri bute the fre s h  a ir 
u n i f orm i l y  t h r oug h out t h e  r oom ( MWPS , 1 9 8 3a} . 
A s  a i r v e l o c i t y i n c r e a s e s , c o n v e c t i v e  a n d  
e v ap o r at i v e h eat l o s s e s  i n crea s e  ( B o n d  e t  a l . , 1 9 65 } . 
There f ore , n o r ma l  v e nt i l at i o n sy s t ems i ncrease h eat l o s s  o f  
a n ima l s dur i ng h o t  weat her b y  i n creas i ng t h e  airf l ow rat e ,  
t hereby i nc r ea s i ng the d r a f t s  on t h e an i ma l s. A ir e x c hang e s  
o f  2 . 2 5  cub i c  m e t er s  p e r  m i nu t e  ( 8 0  c f m} f or m i l d  a mb i e n t 
t em peratu r e s a n d  1 4  cub i c  me t e r s  per m i nu t e ( 5 0 0  c f m }  f or 
h o t amb i e n t  t e mp erature s a r e r e c omme nd e d  f o r  eac h s ow a n d  
l i t t er , r e g a r d l e s s  o f  t h e  t y p e  o f  me c ha n i ca l  v e n t i l at i o n  
sy s t em ( MWPS ,  1 9 83 a ) . 
One supp l ement a l  c o o l i ng m e t h od u s ed t o  c o o l  sw i ne 
a t  h i g h  amb i e nt t e mp e r a tures i s  e v a porat i v e  c o o l i ng .  
D r ig g ers ( 1 9 80)  t e st e d  t h e  e f f ect s of  spr ay ing wat e r  i n  t h e  
f orm o f  a m i s t ,  r e f e r r e d  t o  a s  a f og g e r  sy s t e m ,  o n  s w i n e 
perf ormance . Th i s  sy s t em d e l i v e r ed 7 . 6  l i tt ers ( 2  g a l .) of 
wat er pe r hour a t  a pre a s ure of 27 6 k i l onewtons per s quare 
me t er ( 4 0  p s i )  f o r  1 8  s ow s  a n d 9 b o a r s  a nd r e su l t e d i n  
imp r o v e d s ow a n d  b o a r  f er t i l i t y .  Sy s t e m s  o f  t h i s t y p e  
g ene r a l l y  ope r a te cont i nuous ly ,  l owe r i ng the amb i e nt a i r 
t emp er a tu r e  t h r oug h t h e  s e n s i b l e  e n e r g y requ i r e m e n t s t o  
vapo r i z e  t h e  wate r. 
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A m ore e f f e c t i v e  m e t h od i s  t o  w e t  t h e  sk i n  s urf a c e 
qu i c k l y  and t h e n  a l l ow the  app l i e d  mo ist ure t o  e vaporat e .  
Th i s  can b e  ac c omp l i shed u s i ng t imer-contro l l e d  spri nk l ers 
t o  d e l i v er d r o p l e t s  t o  t h e  s k i n  s urfac e ( N i c h o l s e t  a l . ,  
1 9 8 2) .  Haz e n  a n d  M a ng o l d ( 1 9 6 0 ) s u g g e s t e d t hat s pri n k l ers 
s hou l d  n ot be u sed at amb i en t  temperat ure s  be l ow 27 d egre e s  
ce l s i u s ( 8 0  d e gree s  F )  t o  av o i d  c h i l l i ng o f  t h e  p i gs. The  
ma i n  ad v a n t a g e o f  s y t e m s  of  t h i s  t y p e  c om pare d  t o  a ir 
cond i t i on i ng sy s t ems i s  red u c ed e l ectrical u sag e .  Dri g g ers 
( 1 9 8 0) s howe d  e l ectrical u sag e f or a z one coo l i ng system t o  
b e  1 5 0 kW-h per s ow ma i ntai ned and 1 0  k W- h  per p i g  mark e t e d  
_com pare d t o  1 4  kW- h p e r  s ow ma i n t a i n e d  an d . 9  k W - h p er p i g  
mark eted f or a fan and f ogger sy s t em. 
Anot her supp l ement a l  me t hod of c o o l i ng sw i ne d ur i ng 
hot weat her i s  re f erred t o  as z 'on e or snout c o o l i ng .  Th i s  
i n v ol v es d e l i v er i ng c oo l ed air t o  t h e  head area o f  t h e  pi g ,  
· th u s  m od i fy i n g t h e  t h erma l  e n v i r o n me nt o f  t h e  p i g .  H a z e n 
an d M a n g o l d  ( 1 9 6 0 ) s ta t e d  t hat z o n e  c o o l i n g o f  l a c ta t i ng 
sows appeare d t o-be e c onom i ca l l y  j u st i f iab l e . Zone c o o l i ng 
ha s b e e n s h ow n  t o  e f f e c t i v e l y re d u c e  h e a t  s t re s s  ( L i p p er,  
1 9 6 1 ) • H a h n e t a 1 • ( 1 9 6 5 ) c o n d u c t e d r-e s e a r c h t o 
i n v e s t i gate the e f f e c t  of i nspired - a ir c o o l i ng on _ l ac tat i ng 
d a iry cows.  The ir re su l t s  showed t ha t  i nspired-air � o o l i ng 
i n cre a s e d f e e d  i n t a k e a n d  m i l k  prod u c t i o n ,  a n d  d e cre a s e d  
rec t a l tempera t ure s a nd re sp irat i o n  rat e s .  
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Dri g g ers ( 1 976 ) t e s t e d z o n e  c o o l i ng o f  b oar s a n d  
s ows i n  a bre ed i ng fac i l i ty and conc l uded t hat z one c o o l i ng 
re s u l t e d  i n  a c om pat i b l e  t h erma l e n v ironme n t  f or t h e 
bree d i ng an i ma l s .  R e s e arc h c o nd u c t e d by L y n c h ( 19 79 ) o n  
t he e f f ec t s o f  z o n e  c o o l i n g i n  t h e  farrow i ng h o u s e  o n  s ow 
and l i t t er perf ormance s h owed n o  s i gni f icant e f f ec t s .  Th i s  
c o u l d  b e  d u e t o  t h e  m i l d  amb i e n t t e mp erat ure s o f  2 4  t o  2 5  
d e gre e s  c e l s i u s ( 7 5 - 7 7  d e gre e s  F )  an d 2 7  t o  2 8  d e g re e s  
c e l s i u s ( 8 1 - 8 2  d e g r e e s  F) a t  w h i c h t h e s e  t e s t s  w e r e  
c o n d u c t e d .  Z o n e  c o o l i n g o f  l a c tat i n g s ow s  has b e e n  s h o w n  
t o  hav e p o s i t i v e  e f f e c t s o n  s w i n e  perf orman c e .  M e rk e l  
. ( 1 96 5) f o u n d  z o n e  c o o l i ng o f  l ac tat i n g s ow s  t o  r e d u c e  t h e  
r e s p i rat i o n r a t e s  o f  t h e  s o w s , i n c r e a s e  s o w f e e d  
consumpt i on ,  increase 1 i t t er we ight ga i n ,  and d ecreas e  s ow 
w e i g h t l o s s  d u r i n g  l ac t at i o n . R e s earc h c o n d u c t e d t o  
i n v e s t i g a t e t h e  e f f e c t s o f  z o n e  c o o l i n g o n  s w i n e 
perf orrnanc e . i n  a free s ta l l type farrow i ng sy s t e m  re v ea l ed 
d e c r e a s e d  s o w r e s p i ra t i o n ra t e s ,  w h i c h i n d i c a t e d  a 
r e d u c t i o n i n  t h e  e f f e c t i v e  t e m p e ra t u r e f o r_t h e  s o w s  
( Gan n o n ,  1 9 7 1 ) . 
EXPERIMENTAL PROCEDURE 
Swine Facilities: 
R e s ea r c h  wa s c on d u c t e d i n  a 3 0  c rat e ,  pa r t i a l l y  
s l a t t e d ,  c o n f i n e m e n t  t y p e  f a r r ow i n g c om p l e x  o p e r at e d  b y 
Harvest S tat e s ,  GTA F e e d s  D iv i s i on at E l l i s ,  S ou t h Dak ota 
( 4 m i 1 e s w e s t o f  S i o u x  Fa 1 1  s )  t o  eva 1 u a t e  t h e e f f e c t s  o f  
snout. coo l ing and s nou t vent i l at i on o n  sw i ne pe r f o r man c e .  
T h e  Harve s t  Stat e s Sw ine c omp l ex i s  ope rat e d  s im i l a r l y  t o  
t yp i ca l  c omme r c i a l  f a r r ow i ng f ac i l i t i e s .  T h e r e  a r e  f iv e 
i d e n t i c a l  f a r r ow i n g  r o om s ,  eac h  h o u s i n g  s i x  s ow s  a n d 
l i t te r s . 
S ow s  w e r e  m ov e d  f r om a g e s tat i o n ba r n  i nt o  t h e  
f a r r ow i n g r o om s i n  g r o u p s o f  s i x  app r o x i mat e l y o n e  o r  t w o 
day s i n  ad vanc e o f  f a r r ow i n g .  A f t e r app r o x i ma t e l y  t h r e e  
w e e k s  o f  l ac tat i o n , p i g l e t s  w e r e  w e.ane d and t h e  s ow s  w e r e  
r e t u r n e d  t o.t h e  b r e e d i ng and g e s tat i o n ba r n . S c h e d u l e s 
var i ed s l i g ht l y  t o  acc ommodate t h e  sows wh i c h  w e r e  r eady t o  
f a r r ow .  A l l s ow s  w e r e  o f  s i m i l a r g e n e t i c  b ack g r ou n d ,  
l and rac e  c r o s s  l ar g e  wh i t e ,  and a l l s ows we r e  p r ov i d e d  "ad 
l i b i t um" £eed u s i n g t h e  s am e  l ac tat i o n d i e t  � i t h i n  eac h 
y ea r . T h e  d i e t  wa s c hang e d  s l i g h t l y  f o r .a l l s ow s· f o r  t h e  
s umme r o f  1 9 8 4 , but  i n  a l l cas e s  the d i e t  met t h e  Na.t i ona l  
Researc h  Counc i l  ( 1 9 7 9 )  rat i o n  r e c ommendat i on s .  
2 1  
S u mm e r  v e n t i l a t i o n a i r i s  p u l l e d t hro u g h a n  e a v e 
i n l e t o n  t h e n ort h s i d e  a n d e x h a u s t e d o n  t h e  s o u t h  s i d e  
through wa l l  f an s  i n  a c c ordance w i t h  M i dwe s t  P l a n Serv i ce 
( 1 9 8 3 a) re c omme nd a t i o n s . T h e  s ow s  f a c e  a w a y  from t h e  
c e n t er a i s l e i n  t h i s  f a c i l i t y. Wa t e r p i pe s ,  w h i c h  are 
l o c a t e d  i n  t h e  c o n c r e t e  f l o or o f  t h e fro n t  p a rt o f  t h e  
farrow ing crat e s ,  prov i d e  a warm re s t i ng are a f or t h e  young 
p i g l e t s .  H e a t  la m p s  w ere a l s o u s e d  d ur i ng t h e  f i rs t 
severa l day s a f ter f arrow i ng .  
A s n o u t  c o o l i ng sy stem , wh i ch prov i ded c oo l e d  a ir 
t o  twe l v e  farrow i ng cra t e s ,  wa s ins t a l l ed i n  tw o ,  s i x  cra t e  
·f a rro w i n g ro o m s  a n d t e s t e d  d ur i ng t h e s u mm e r s  o f  1 9 8 2 , 
1 9 8 3 , and 1 9 8 4 .  A snout vent i l a t i on sy s t e m ,  wh i c h  prov i d ed 
out s i de a ir t o  s i x f arrow i ng crat e s , was i n s t a l l ed i n  o ne , 
s i x  cra t e fa rrow i ng r o om a n d t e s t e d  d u r i n g  t h e  s u mm er s  o f  
1 9 8 3  a nd 1 9 8 4 . S ow s  i n  t hre e , s i x  cr a t e f arrow i ng ro om s  
a c t e d  a s  c ontro l s f or t h e s u mm er o f  1 9 8 2 a n d  s ow s  i n  t w o ,  
s i x  crat e farrow i ng rooms a c t ed as.c ontro l s  f or t he s ummers 
of 1 9 8 3 a nd 1 9 8 4 .  A l l farrow i ng r o om s  w er e  -i d e n t i c a l 
e xcept f or t h e  a ddition of  t he s nout sy s t em s .  The order of 
t h e  farrow i ng r o o m s  from w e s t  t o  e a s t  w a s :  . o n e  s n o u t  
v e n t i l a t e d r o o m , t w o  con tro l room s , a n d. t w o  s n out c o o l e d 
room s . 
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Variables Measured: 
Sw i ne pe r f o rmance v a r i a b l e s  mea s u r ed we r e :  (1) s ow 
w e i g h t  l o s s  d u r i n g l a c t a t i o n ,  ( 2 ) sow f e e d  c o nsum p t i o n 
d u r i ng l a c t a t i o n ,  ( 3 )  th e n um b e r o f  d ays r eq u i r e d  f o r  t h e 
sow t o  r e t u r n  t o  e s t r u s  a f t e r w e a n i n g , ( 4 )  p i g l e t d e ath 
l oss d u r i ng l a cta t i o n ,  ( 5 ) w e i g h t g a i n  of  t h e p i g l e ts t o  
sev e n  d ay s  o f  a g e ,  ( 6 ) w e i g ht g a i n  o f  t h e  p i g l e t s  d u r i n g  
t h e  e n t i r e l a c t a t i o n ,  a n d  ( 7 )  s ow r e s p i r a t i o n  r a t e s .  
F a ct o r i a l  a n a l y s i s  o f  v a r i a n c e  w i t h u n e qu a l  s u b c l a s s  
n umb e r s  w a s  u s e d  t o  t e s t  t h e. e f f e cts o f  th e sn o u t  syste m s  
o n  these  swine pe r f o rmance v a r iabl e s . 
S ow w e i g h t  l os s  d u r i n g l a c t a t i o n w a s  m e a su r e d b y  
w e i g h i n g th e s ow th e d ay a fte r f a r r ow i n g  a n d  a g a i n  a t  
wean i ng .  Thi s  pe r f o rmanc e v a r i ab l e  was stated i n  te r ms o f  
w e i g h t  1 o s s  p e r d a y  p e r s o w ,  s i n c e  n o t a l l o f  t h e s ow s  w e r e  
l a cta t i ng the same n umb e r o f  d ay s .  
T h e  �v e r age l a ct ati o na l pe r i od s  w e r e  n ot a f f e cted 
b y  th e sn o u t  syst e m s .  T h e  a v e r a g e  l a c t a t i o n s  w e r e  2 4 . 8 
d ay s  f o r t h e  s n out c o o l ed g r o u p ,  2 3 . 6 d ay s  f o r  th e sn o u t  
v e nt i l a t e d g r o u p ,  a n d  2 4 . 7 d ay s  f o r  t h e  c o n t r o l g r o u p .  
Av e r a ge l actati ona l pe r i od s  f or a l l s ows we r e  2 4. 4  d ays f o r  
th e s umme r o f  1 9 8 2 , 2 5 . 8 d ay s  f o r  t h e  s umm e r  o f  1 9 8 3 , a n d  
2 3 .5 d ay s  f o r t h e  s u m m e r o f  1 9 8 4 .  
S ow f ee d  cons u mpt i on was  mon i t o r ed by measu r ing t h e  
a m o u nt o f  f e ed d i st r i b u t e d t o  e a c h  s ow a t  e a c h  f e e d i n g , 
2 3  
mo r n i ng a n d  a f t e r n o o n .  T h e s e  amou nt s we r e  t hen t o t a l l e d 
and exp r e s s e d  i n  t e r ms o f  we ight  of feed pe r day pe r s ow s o  
t h a t  d i f f e r ence s  i n  l act a t i o n  pe r i ods wo u l d  n o t  i nv a l i d a t e  
f e e d  c o n s umpt i on c om pa r i s o n s .  F e e d  wa sta g e  wa s a s s u m e d  
s im i l a r f or al l g r oups . H owev e r , wastag e was not me as u r e d . 
P i g l e t we i g ht g a i n  was mon i t o r ed by we i g h i n g  t h e  
e n t i r e l i t t e r t h e  d ay a f t e r f a r r ow i n g , a t  s e v e n  d ay s  o f  
a g e , .a n d  a g a i n  a t  w ea n i ng .  T h i s  v a r i a b l e  wa s s t a t e d  i n  
t e r m s  o f  we i g ht g a i n  p e r d a y  p e r p i g l e t t o  c om p e nsa t e  f o r  
v a r y i ng l actat i o na l pe r i od s  and l it t e r si z es. 
Pig l e t d ea t h  l oss wa s d i ff ic u l t t o  d e t e r m i n e  d u e  t o  
t h e  p r a c t i c e o f  p i g l e t t r a n s f e r i n g .  T r a n s f e r s  w e r e  
g ene r a l l y  mad e  wi t h i n  t h e  f i rst two d ay s  a f t e r f a r r ow i ng t o  
e v e n o u t  t h e  n u mb e r o f  p i g l e t s  pe r s ow. Data f r om 2 4  s ows 
a n d  th eir l i t t e r s we r e  d e l e t e d  f r om t h e  e x p e r i me n t a l 
a na l ysi s beca u s e . t r ansf e rs cou l d  not be p r ope r l y a cc o u n t e d  
fo r i n  the ana l ys is a nd i n t e r pr e tat ion. P i g l e t d e ath l oss 
c o u l d n o t  be d e t e r m i ne d  by subtr a c t i ng t h e  n umb e r o f  
p i g l e t s we a n e d  f r o m t h e n u m b e r  o f  p i g l e t s  far r ow e d .  
T h e r e f o r e ,  p i g l e t  d e a t h  l oss was t a b u l a t e d  b y  s ep a r a t e l y 
r e c o r d i n g d eaths ,  a nd t h i s  was o n l y  d o n e  d u r i n g t h e  l ast 
two summe r s ,  1 9 83 a nd 1 9 8 4 .  
T h e  n umb e r o f  d ays r e q u i r e d  f o r t h e sow t o  r et u r n  
to e st r us wa s m on i t o r e d  b y  r e c o r d i n g t h e  we a n i n g d at e  a n d  
th e d a t e  o f  fir s t  e s t r us. T h e  r e s p i r a t i o n r a t e s  o f  th e 
2 4  
s ows were mo n i t o r e d  m a n u a l l y wit h  a s t o p wa t c h  d u r i n g  t h e  
s u mm e r s  o f  1 9 8 3  a n d  1 9 8 4 . S ow r e s p i ra t i o n r a t e s  we r e  
mea s ured d uring the  per i od of approx ima t e l y  9 : 0 0 am u n t i l  
4 : 0 0 pro , a t  o n e  h o ur i nt e r v a l s ,  o n e  d a y e a c h we e k .  Tw o 
s ows from ea ch farr ow i ng r oom were chosen a t  ra ndom,  o n e  o n  
t h e  s o u t h  a n d  o n e  o n  t h e n or t h s i d e s  o f  t h e  r o o m .  W e t a n d  
dry b u l b  tempera ture s wi t h i n  the  sow's f arr ow i ng room were 
a l s o mea sure d a t  the s am e  t ime u s i ng a s l i ng p sy c h r ometer. 
E a c h  l i t t e r wa s a s s i g n e d  a n u m b e r ,  f or d a t a  
i d e n t i f i c ati o n  purpo s e s ,  d ur ing a l l thre e y e a r s .  T h e  
number o f  t h e  l i tte r ( i . e. f i r st, second etc . )  tha t  th e sow 
wa s p r e s e n t l y  n u r s i ng wa s a l s o r e c ord e d  d u r i n g t h e th i r d 
s u mme r ,  1 9 8 4 .  T h e  s ow s  from t h e  s u mmer o f  1 9 8 4 w e r e  t h e n 
s e p e r a t e d  i n t o  t h r e e  p a r i t y g r o u p s .  P a r i t y  g r o u p  1 
c on s i ste d o f  t h o s e  s ow s  wh i c h  w ere n u r s i ng t h e i r  f i rst 
l i tte r ,  par i ty g r o u p  2 w a s  t h o s e  s ows w h i c h  we r e  n u r s i n g 
th e i r  s e c o n d  thro u g h s e v e nth l i tt e r ,  a n d p a r ity g r o u p  3 
cons i st e d  of the rema i n i ng s ows from the s ummer o f  1 9 8 4 . 
E n v i r onme nt a l dry b u l b  t emperature s ,  i ·n c l u d i n g  
t h o s e w i t h i n  t h e s n o u t s y st e m s , w e r e  r e c or d e d. u s i n g 
t h e rm o c o u-p l e s  c o n n e c t e d  t o  a n  a utoma t i c d ata a cqu i s i t i on 
sy s t e m .  A str i p  c h art r e c or d er w a s  u s e � wh e n  th e d ata 
a cqu i s iti on sy stem w a s  not a v a i l ab l e  d�ri ng the peri od s of : 
M ay 3 0 ,  1 9 82 to Octob e r  1 6 ,  1 9 8 2 , June 1 0 ,  1 9 8 3 to J u l y 2 81 
1 9 8 3 , a n d  S e piemb e r  1 1 , 1 9 8 4  t o  S e ptemb e r  2 1 , 1 9 8 4 .  E a c h  
2 5  
f arrow i n g r o om h a d  t w o ,  o r  m or e , t h erm o c o u p l e s  l o c a t e d  a t  
v ar i o us po i nts w i th i n  t h e  r o om t o  serv e a s  a c h e c k  o n  th e 
t empera ture d a t a  ( f i g ures 2 ,  3 a nd 4 ) . I n c om i ng v e nt i l a t ion 
a i r  a n d  t h e o u t s i d e  a i r t e m p era t u r es w er e  a l so r e c or d e d .  
Thermoc ou p l es w e r e l ocate d a t  v ar i o us poi nts w i t h i n  t h e  
snout  syst ems. 
E nerg y c onsumpt i o n o f  t h e  a i r c o n d i t i on i ng syst e m  
w as measure d w i t h  t h e  data a cqu isi t i on syst em, whe n i t  was 
a v a i l ab l e ,  a n d  a r e c or d ing a mm eter , o t h erw i se .  T h e  d a t a  
a cqu i s i t i on syst e m  re c ord e d  't h e a v era g e c urre n t d r aw n by 
th e a i r c o n d i t i o n e r  and t h e  h o u rs of o pera t i o n .  O p er a t i o n 
t i m e  w as m o n i t or e d  by t h e  r e c ord i n g a mm e t er d u r i n g  t h e  
peri ods of : M ay 3 0 ,  1 9 82 t o  Oct ob er 1 6 ,  1 9 8 2 , J u ne 1 0 , 1 9 8 3 
t o  J u l y  2 8 , 1 9 8 3 ,  a n d  S e p t emb e r  ,1 1 ,  1 9 8 4  t o  S e p t e m b e r  2 1 , 
1 9 8 4 . 
Vent i l a t i on a irf l ow pa tt erns w ere a na l y z e d  d ur i ng 
t h e  summe r of 1 9 8 4 to check f or possib l e  d i f f ere nces among 
r o o ms. P a t t erns w er e  d e t e cte d usi n g  sm o k e c a nd l es a n d 
r e c ord e d  o n  v i d e o  c assett e f or l a t er st u d y. A i r f l ow 
pa t t erns w ere c h e c k e d  i n  a s i mi l ar m a n n er ,  d uring t h e  
_w i n t er m oriths ,  t o  d e t erm i n e w h e t h e r t h e  sn o ut sys t e ms 
a d v erse l y  a f f e cted the v e nt i l a t i on a irf l ow pat t erris d ur i ng 
w i n t er c ond i t i ons. 
X. 
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Description � Snout Vent ilation System : 
2 9  
A s n o u t v e n t i l a t i o n  s y s t e m ,  w h i c h  d e l i v e r e d  
a pp r o x i m a t e l y  . 0 3 4  c ub i c  me t e r s  pe r s e c o n d  { 7 0  c f m )  pe r 
c r a t e  of  out s i de a i r  t o  s i x  f a r r ow ing c r a t e s ,  was i n s ta l l ed 
d u r i ng t he s p r i n g o f  1 9 8 3 ( f i g u r e 3 ) . T h i s  sy s t e m  w a s i n  
o p e r a t i o n d u r i n g t h e  s u m m e r s  o f  1 9 8 3  a n d  1 9 8 4 .  A 
t h e r m o s t a t i c  c o n t r o l  s t a r t e d t h e  f a n ,  w h e n  t h e  r o om a i r  
t emper a t u r e  e x c e ed e d  2 4  d e g r e e s  c e l s i u s  ( 7 5  d e g r ee s  F) . 
A f o r w a r d  c u r v e d b l ow e r  p r o v i d e d  . 2 0  c ub i c  m e t e r s  
pe r s e c o n d  { 4 2 0  c f m ) o f  o u t s i d e  a i r  t o  t h e  s ow s  a g a i n s t  a 
t o t a l  p r e a s u r e  d r o p f r om t h e  f a n  o u t l e t t o  t h e  s ow s  o f  2 e m  
( . 8 i n . ) o f  w a t e r .  A . 2 5  rn ( 1 0  i n . ) , s q u a r e  c r o s s - s e c t i o n  
t r u n k d u c t , w h i c h  i s  o r i e n t e d  t h e  l e ng t h  o f  o n e  f a r r ow i n g 
r o o m , 4 m ( 1 3 f t ) , d e l i v e r e d o u t s i d e  a i r  t o  t h e  b r a n c h  
d u c t s . T h i s  t r u n k  d u c t  i s  c o n s t r u c t e d  o f  2 . 5  e m  ( .1 i n . ) 
t h i ck i ns u l a t e d  d u c t  b oa r d .  
C o n v e n t i o n a l p l a s t i c  d r y e r t u b i ng , . 1  m { 4  i n . )  
d i a m e t e r ,  s e r v e d a s  t h e b r a n c h  d u c t s ,  o n e  f o r  e a c h  
f a r r ow i ng c r a t e .  An a d j u s t ib l e  b u t t e r f l y  type b a f f l e  was 
i ns t a l l ed whe r e  t he b r a nch d u c t a t t ac he s to the  ma i n  t r u nk 
d uc t t o  b a l ance a i r f l ow t o  e a c h  c r a t e .  
A . 1  m { 4  i n . ) d l. a rn e t e r  P V C  p i p e :i s  m o u n t e d , u s i n g 
a hose c l amp ,  t o  t h e f r ont of the  f a r r ow i ng c r a t e  whe r e  i t  
a t t aches  t o  a pe rman ent l y  mounted met a l  b r a c k et { f i g u r e 5 ) . 
T h e m e t a l  b r a c k e t  h o l d s  t h e PV C p i p e a t  a n  a n g l e  o f  
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3 1  
a p p r o x i ma t e l y  3 0  d e g r e e s  f r o m v e r t i c a l . T h e  f l e x i b l e  
b r a n c h  d u c t  i s  f a s t e n e d  t o  t h e PV C p i p e u s i ng a s e c o n d  h o s e  
c l amp.  T h e  h o s e  c l amp i s  n e c e s s a r y s o  t h a t  t h e  PVC p i p e  
a n d b r a n c h d u c t  c a n  b e  d i s c o n n e c t e d f r om t h e  f a r r ow i ng 
c r a t e , w h i c h  a l l ow s  t h e  c r a t e  h e a d  g a t e  t o  ope n a n d t h e s ow 
t o  b e  mov ed out and r ep l a ce d  a t  w e a n i ng .  
Description � Snout ��ins System : 
A s n o u t c o o l i ng s y s t e m ,  wh i c h  s u pp l i e d  a m e a n 
c o o l i n g  e f f e c t  o f  5 8 5 W/c r a t e  a t  a n  a i r f l ow r a t e  o f  . 0 1 7  
c ub i c  mete r s  pe r s e c ond ( 3 5  c f m) pe r c r a t e  was i n st a l l ed i n  
two f a r r ow i ng r ooms , 1 2  c r a t e s  ( f i g u r e  4 ) . Th i s  sy s t em w a s  
ope r a t e d d u r i n g t h e s u mme r s  o f  1 9 8 2 ,  1 9 8 3 , a n d 1 9 8 4 .  A 
t he rmo s t a t i c  c ont r o l  sta r t e d  t h e  sy s t em whenev e r  r oom a i r 
t em pe r atu r e  e x c e ed e d  2 4  d e g r ee s
' 
c e  1 s i u s ( 7  5 d e g r ee s  F) . A 
s ta nd a r d  r e s i d ent i a l  type 7 k W  a i r  c ond i t i on i ng u n i t  c o o l s 
t h e  a i r a pp r o x  i m a t e 1 y 8 t o  1 1  d e  g r e e s c e 1 s i u s  ( 1 5  - 2 0 
d eg r ee s F) b e l ow amb i e nt a t  a f l ow r a te of  . 2 8  cub i c  me t e r s  
pe r second ( 4 2 0  c f m) . A f o rwa r d  c u r v e  b l owe r p r ov i de d . 2 8 
c u b i c  m e t e r s  pe r s e c o n d  o f  c o o l e d  a i r t o  t h e  s ow s  w i t h  a 
t o t a l  p r ea s u r e  d r op f r om t h e  f i l t e r  t o  t h e s ow s  o f  9 e m  
( 3 . 5 in . )  o f  wate r .  Th e f i l t e r  i s  a pe rmanent type f i l t e r ,  
wh i ch c a n  be r emo v e d  f o r  pe r i od i c  c l ea n i ng ( f i g u r e  6 ) . 
A . 3 6  m ( 1 4 i n . }  s q u a r e  c r o s s  s e c t i o n t r u n k  d u c t , 
wh i ch i s  o r i ent ed t he l e ng t h  of tw o f a r r ow i ng r ooms , 9 .2 m 
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- - - - -
-
-= 
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N 
3 3  
( 3 0  f t ) , d e l i v e r ed t he c o o l ed a i r  t o  f l ex ib l e  b r an c h  d u ct s .  
T h i s  t r u n k  d u c t  i s  c on s t r u c t e d o f  2 6  g a u g e , g a l v a n i z e d 
s t e e l a n d i s  i n s u l a t e d w i t h  2 . 5  e rn  ( 1  i n . )  o f  f i b e r g l a s s .  
A f o i l type d u c t  l i ne r pr ov i de s  a smoot h i nt e r i o r  s u r f a c e  
f o r  a i r  f l ow. 
F l e x i b l e ,  . 1  rn ( 4  i n . ) . d i a m e t e r ,  i n s u l a t e d d u c t  
w i t h  a p o l y e t h e l e n e  j a c k e t , f i b e r g l a s s  i n s u l a t i on ,  a nd a 
f o i l . t y p e  l i n e r r a t e d a t  . 0 3 3  s q u a r e  m e t e r s - d e g r e e s  
c e l s i u s  pe r Wa tt ( . 1 8 7 hou r s - sq u a r e- f e e t -deg r e e s  F pe r B t u )  
i s  pe r manent l y  a t t a c hed t o  t h e  ma i n  t r unk d u c t  w i t h  a h o s e  
c l amp. An a d u s t ab l e  b u t t e r f l y type ba f f l e ,  i n s t a l l ed whe r e  
the b r anch duct a t t ac h e s  t o  t he ma i n  t r u nk d u ct , i s  u s ed t o  
b a l a n c e a i r  f l ow t o  t h e c r a t e s .  T h e b r a n c h d u c t  t o  c r a t e  
a t t a c h m e n t  i s  i d e n t i c a l  t o  t h a t  u s e d  i n  t h e s n o u t  
v e nt i l a t i on sy s tem ( f i g u r e  5 ) . 
RESULTS AND D I SCUSS I ON 
Swine Performance : 
A s nou t c o o l ing sytem , wh ich de l i v e r ed c oo l e d a i r  
t o  1 2  f a r r ow i n g c r a t e s ,  w a s i n s t a l l e d i n  tw o ,  s i x  c r a t e 
f a r � ow i ng r o oms a n d  t e s t e d  d u r i n g t h e  s umme r s  o f  1 9 8 2 , 
1 9 8 3 , a nd 1 9 8 4 .  A s nout v e nt i l a t i on sy s tem, whi c h  d e l i v e r ed 
out s i de a i r  t o  s i x  f a r r ow i ng c r a t e s , was i n st a l l ed i n  o ne ,  
s i x  c r a t e f a r r ow i n g  r o om a n d t e s t e d  d u r i n g t h e  s u mm e r s  o f  
1 9 8 3  and 1 9 8 4 .  Bot h sy stem s ope r ated whenev e r  t h e  d ry b u l b  
t em p e r a t u r e s  i n  t h e  f a r r ow i n g  r oom s e x c e e d e d  2 4  d e g r e e s  
c e l s i us ( 7 5  d e g r e e s  F ) . Sow s  i n  t h r ee ,  s i x c r ate  f a r r ow i ng 
r ooms s e r v e d a s  cont r o l s du r i ng the s umme r o f  1 9 8 2  a nd s ow s  
i n  two,  s i x  c r ate f a r r ow i ng r ooms s e r v ed a s  cont r o l s d u r i ng 
t he s umme r s  of 1 9 8 3 and 1 9 8 4 .  
Swi ne pe r f o rmance a s  a f f e ct ed by snout c o o l i ng a n d  
s n o u t v e n t i l a t i o n  w a s  t e s t e d  b y  m on i t o r i n g  t h e  f o l l ow i n g  
v a r i a b l e s :  s ow w e i g h t  l o s s  d u r i ng l a c t a t i o n ,  s ow f e e d  
cons umpt i o n  du r ing l acta t i o n ,  t h e  n umb e r  of d ay s  r eq u i r ed 
f or t h e  s ow t o  r et u r n  t o  e s t r u s a f t e r  w ean i ng ,  p ig l et d ea t h  
l os s d u r ing l a ctat i o n ,  we i g h t  g a i n  o f  t h e  p i g l e t s  t o  s e v e n  
· days o f  age , and p i g l e t  w e i g h t  g � i n  d u r ing t h e  e nt i r e 
l ac t a t ion.  Snout c o o l ing a nd s n o u t  v en t i l a t i o n  r e d u c � d  s ow 
w e i g h t 1 o s s d u r i n g 1 a c t  a t i o n  , i n c r e a s e d  s o w  .f e e d 
c on s umpt i on du r ing l acta t i o n ,  a nd r educed t he t ime r eq u i r e d  
3 5  
f o r  t h e  s ow s  t o  r e t u r n  t o  e s t r u s a f t e r  w e a n i n g , t a b l e  1 .  
The sow pe r f o r mance v a r i ab l e s a s  a f f e c t ed by pa r i ty g r oup 
a r e l i s t e d  i n  t a b l e 3 and t h e  s ow p e r f o r m a n c e  v a r i a b l e s ,  
w it h i n  e a ch of  the th r ee yea r s ,  a r e  l i s t e d  i n  t ab l e s  2 and 
4 .  S n o u t  c o o l i n g r e d u c e d  p i g l e t d e a t h l o s s  d u r i n g 
l a ct a t i o n ,  d e c r e a s e d  p i g l e t w e i g h t g a i n  t o  s e v e n  d a y s  o f  
a g e , a n d  i n c r e a s e d  o v e r a l l p i g l e t w e i g h t  g a i n  d u r i n g t h e  
ent i r e  l a ct a t i on,  t ab l e s 5 ,  6 ,  7 ,  and 8 .  Snout v ent i l at i on 
de c r e as e d  pi g l e t d e a t h  l os s  d u r i ng l a ct a t i on f o r  a l l t h r e e  
y ea r s  and i nc r ea s e d  p ig l e t w e i g h t  g a i n  t o  se v e n days o f  a g e  
d u r i n g t h e  s u mm e r o f  1 9 8 4 , t a b l e s 5 a n d  8 .  T h e  p i g l e t  
p e r f o r ma n c e  v a r i a b l e s a s  a f f e c t e d  by pa r i t y  g r o u p  a r e  
l i s t e d  i n  t a b l e  7 a nd t h e  p i g l e t  p e r f o r m a n c e  v a r i a b l e s ,  
w i t h i n  e a c h  o f  t h e  t h r e e  y e a r s ,  a r e  1 i s t e d  i n  t a b l e s 6 ,  8 ,  
and 9 .  L e a s t  squa r e s  means we r e  · u sed when c ompa r i ng s w i n e  
p e r f o r m a n c e  a m o n g  t r e a t m e n t s a t  t h e  s u g g e s t i o n o f  D r .  
Tuc k e r ( 1 9 8 5 } , Ag r i c u l t u r a l  E x pe r iment Sta t i on Stat i s t i c i a n  
b e c a u s e  o f  u n e q u a l s u b c l a s s  n u mb e r s  ( S t e e l a n d  T o r r i e ,  
1 9 8 0 }  • 
. Env i r onment a l  r oom t empe r at u r e  data  we r e  a v e r a g ed 
f o r  ea c h  2 4  h o u r p e r i o d f r o m w h i c h  d e g r e e -d ay v .a l u e s  w e r e  
c a l c u l a t e d . T h e  d e g r e e - d ay v a l u e s  w e r e  c a l � u l a t e d  b y  
s ub t r a c t i n g 2 4  d e g r e e s  c e l s i u s  ( 7 5  d e g r e e s  F )  f r om � h e  2 4  
h ou r av e r a g e  r o om t empe ra tu r e ,  w i t h  negat i v e  v a l u e s  b e i ng 
set t o  z e r o. Ana l y s i s  o f  v a r i ance of t he deg r e e -d ay v a l u e s · 
Ta b l e 4.  Sow we i g ht l o s s , feed co n s um pt i o n  a n d  retu rn  to e s t r u s  d u r i n g  s ummers  o f  1 98 2 , 1 98 3  a n d  
1 98 4  
= = = = = = = = = = = = = = = = = = � = = : = = = = = = c = = = = = = = = = = = : = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = c = = = = = = = = = = = = = = = = = = = = � : = = = : = = = E 
" I ( 3 )  
We i g h t  L o s s  ( k g /day ) I F eed Consumpt i o n  ( k g /d ay ) I Day s  f or Re t u r n  o f  Est r u s  
I 
I 
Summ e r  I 1 9 8 2  I 1 9 8 3  I 1 9 8 4  I 1 9 8 2  I 1 9 8 3  I 1 9 8 4  I 1 9 8 2  I 1 9 8 3  I 1 9 8 4  
I 
= = = c : c c : s c : = z • e = = = • = 2 = = c � u � = • • • a a c c : : : a w • : z : s a a c � = = = e = = = = • z = = = = • = • = • E = = = = = • • = a • • = • • • = • • • = 2 = • e c c • = • • = = � = = • • • = • • • • • • • • • • • • • • • • 
I I I I I I I I I I I 
I Sampl e  I Sampl e S i z e ( sows )  I 9 6  I 3 7  I 5 4  I 1 0 7 I 3 8  I 7 3  1 0 5  I 3 5  I 6 5  I 
I G r o u p  I I .  I I I I I I I I 
I 1 I I I I I I I I I 
I Lea s t  Squ a r e s Mea n s  I 0 . 5 2  I 0 . 8 6 I 0 . 4 5  I 6 . 7 5 I 5 . 7 1  I 6 . 7 1  5 . 0  I 6 . 1 I 5 . 2 I 
I ( 1 ) I I I I I I I I I 
I I I I 
I S i g n i f i c a nce I A A I A A a a a I 
I Lev e l s ( 2 )  I B I B I 
I I I I 
I I I I 
I I I I I I I I I I 
I Sam p l e  Sampl e S i z e  ( s ow s )  I 6 5  I 3 7  I 4 6  I 6 5  I 3 8  I 6 5  6 4  I 3 5 I 5 8 I 
I G r o u p  I I I I I I I I I 
2 I I I I I I I I I 
Lea s t  Squa r e s  Mea ns I 0 . 5 0 I 0 . 8 6 I 0 . 4 4 I 6 . 4 8 I 5 . 7 0  . I 6 . 7 2 4 . 8  I 6 . 0  I 5 . 2  I 
( 1 )  · ' ---·- ' I I ____ I I I I I 
I I I 
S ig n i f i c a nce I A A I A A a a a I 
Leve l s  ( 2 ) I B I B I 
I I I 
I I I 
I I I I I I I I I 
Samp l e  I Sam p l e  S i z e  ( sows )  I 3 0  I 3 7  I 3 0  I 3 0  I 3 8  I 4 0  3 0  I 3 5  I 3 6  I 
G r o u p  I l ___ , ___ l I I I I I I 
3 I I I I I I I I I I 
I L e a s t  S q u a r es  Mea n s  I 0 . 4 4 I 0 . 8 6 I 0 . 4 0  I 6 . 3 2  I 5 . 7 0  I 6 .  7 2  4 . 9 I 6 . 1  I 4 . 8 I 
( 1 )  I I I l ______ l __ _  l I I l ____ l 
I I I I 
S i g n i f i c a nce I A A I A A I a a I 
Leve l s  ( 2 )  I 8 I 8 I b b I 
= = = � c : = = = = = c = = = • e c e � • a e e � s : e e : c � � � = : = = = = = • = � = = = = = = = c : c c c � = = = = � = B = = = = z • = c � = c = = = • = = = = = z = c a : : c � � � • • e � s a a • a • = = = = = = = = = = = = = = = = = = = =  
( 1 ) : Samp l e  G ro u p  1 c on s i s t s  of the ent i r e co l l ect i on o f  sows.  Samp l e  G roup 2 cons i s t s  o f  o n l y  s ow s  w h i c h  expe r i enced 
4 or m o r e  d a y s  w i t h  a m i n i m u m  o u t s i d e  a v e r a g e  t e m p e r a t u r e  of  24 C .  S a m p l e  G r o u p  3 c o n s i s t s  of  o n l y  s ow s  w h i c h  
e x pe r i e nc e d  3 o r  mo r e  days w i t h  a m i n i mu m  ou t s i de a v e r ag e  t empe r a t u r e  o f  2 7  c.  
( 2 ) : S a m e l e t t e r  d e s i g n a t i on i n d i c a t e s  n o  s i g n i f i c a n t d i f f e r e n c e  b e t w e e n  m e a n s .  C a p i t a l l e t t e r s  r e p r e s e n t 
s i g n i f i c� n c e  at the 0 . 0 1  l ev e l , s ma l l  l e t t e r s  r e p r e s e n t  s i g n i f i ca nce a t  t h e  0 . 0 5  l ev e l .  
( 3 ) : I nd i c a t es s i g n i f i c a n t  i nt e rac t i on e f f ec t s  o f  t r e a t m e n t  a nd y e a r s .  
w 
1.0 
Ta bl e 5 .  E ffec t s  o f  s n o u t  coo l i n g a n d  vent i l a t i o n o n  p i g l e t  d ea t h  l o s s , we i g ht  ga i n  to s ev e n  d ays 
of age a nd overa l l we i g ht  ga i n  
= = = = = = = = = = = = = = = = = = ; = = = = = = = = = = = = = = • B = = = = = e = = = = = = = = = = = = = = c • = � = = = = = = = = = = = = = = � = = = e = = = z = = = = • � = = = = = = • � = � • s z • : z R = • • • • = = = a : : c a·: a a c x :  
I 
D e a t h  Loss ( pigs/l i t t e r )  I Ave Da i l y  Ga i n  t o  Day 7 · 1 Ave Da i ly Ga i n  t o  Wea n i ng 
( k g/da y )  ( 4 )  I ( k g/d a y )  
I 
I I I I I I 
T r eatment ( 1 )  I Cont r o l I F re s h  I AC I C on t r o l  I F r e s h  I AC I C on t r o l  I F re s h  I AC 
I A i r I I I A i r  I I I A i r 
= = = = = = = = = � � = = = = = = = = = = = = = = � = = = = = = e : z e = � = � � = = = = = = � � = E : c : ; : ; : ; ; : : : = = = = � = = � � � � = = • = = = = = = = z • = = = = = = = = = = = = = � = = z e • = = = = = = = • = = s • = a = = = = =  
I I I I 
I Sample I Sampl e S i z e  ( l i t t e r s ) I 4 5  I 1 6  I s o  I 1 0 2  I 1 5  I 97  I 1 0 5  I 1 6  I 9 7  
I G r o u p  I I I 
I 1 I I I 
I I Lea s t  Sq ua r e s  Mea ns I 0 . 9 7  I 0 . 8 5 I 0 . 9 1 I 0 . 1 6 I 0 . 1 6 I 0 . 1 6 I 0 . 2 0  I 0 . 2 0 I 0 . 2 1 
I ( 2 )  I I I 
I I I 
I I S ig n i f icanc e  I a a a I a a a I a a 
I I Leve l s  ( 3 )  I I I b b 
I 
I 
I I I I I I I I 
I Samp l e  I Sampl e S i z e  ( l i t t e r s )  I 4 3  I 1 6  I 4 4  I 8 3  I 1 5  I 6 8  I 84  I 1 6  I 6 8  
I G r o u p  I I I I I I I 
I 2 I I I I I I I 
I I Lea s t  Squ a r e s  Mea n s  I 1 . 0 4  I 0 . 8 6 I 0 .  7 7  I 0 . 1 6  I 0 . 1 6 · I 0 . 1 5 I 0 . 2 0 I 0 . 2 0 I 0 . 2 1 
I ( 2 )  I I I I I I I 
I 
I S ig n i f i c a nc e  I a a a , I a a a I a a a 
I Lev e l s  ( 3 )  
I Sampl e I Sa�pl e S i z e  ( l i t t e r s ) I 3 3  I 1 6  I 2 9  I s o  I 1 5  I 4 1  I 5 1  I 1 6  I 4 1  
I G r ou p  
I 3 
I Lea s t  Squa r e s  Means I 1 .  0 7  I 0 . 8 6 I 0 . 6 8  I 0 . 1 6 I 0 . 1 6 I 0 . 1 4 I 0 . 2 0 I 0 . 2 0 I 0 . 2 1 
I ( 2 )  
I 
I I S ig n i f i cance I a a a I a a a I A A 
I I Leve l s  ( 3 )  I I I B B 
= = = = = = = = = = = = = = = = = = = � = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = • = = = = = = = � = = = m � e e � �  
( 1 ) : Cont r o l  r e f e r s  to  t he c on t r o l  t r eatme n t , f r e s h  a i r  r e f e r s  to  t he snout v e nt i l a t i o n  t r e a tment , a nd AC r e f e r s  t o  
the snout coo l i ng t r eatment.  
( 2 ) : Samp l e  G r o u p  1 c o n s i s t s  o f  t h e  e n t i r e c o l l e c t i o n of  1 i t t e r s . S a m p l e  G r o u p  2 c o n s i s t s  of  o n l y  l i t t e r s  w h i c h  
expe r i e nced 4 o r  m o r e  d a y s  w i t h  a m i n imum out s i d e  a v e r a g e  t empe r a t u r e  o f  2 4  C .  Samp l e  G r oup 3 c o n s i s t s  o f  o n l y  
l i t t e r s  w h i c h  e x pe r i e nced 3 o r  mo r e  days w i t h  a m i n imum ou t s i de a v e r a g e  tempe r a t u r e  o f  2 7  C. 
( 3 ) : Same l e t t e r  d e s i g n a t i o n i nd i c a t e s  no s i g n i f i c a n t d i f f e r e n c e  b e t w e e n  m e a n s .  C a p i t a l l e t t e r s  r e p r e s e n t 
s i g n i f i ca nce a t  t h e  0 . 0 1  l e v e l ,  sma l l l e t t e r s  r e p r e s e n t  s i g n i f i cance  a t  the 0 . 0 5  l ev e l .  
( 4 ) :  I nd i c a t e s  s i g n i f i c a n t  i n t e r ac t i on e f f e c t s  o f  t r ea t ment s a nd y e a r s .  
� 
o 
Tab l e  6 .  E f f e c t s  of  s n o u t  c ool i ng a nd vent i l a t i on on 
p i g l e t  we i g h t  g a i n  to seve n d ay s  
of  ag e w i t h i n  e a c h  ye a r  
I Numb e r  G a i n  
4 1  
Summe r T r e a tment I of pe r S i g n i f i c ane 
{ 1 ) I L i t t e r s  P i gl e t  L ev e l s  { 2 ) 
I { k g /day ) 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
1 9 8 2 C ont r ol 5 8  0 . 1 6  a 
1 9 8 2 F r e s h  Ai r 0 
1 9 8 2  AC 4 7  0 . 1 8  b 
1 9 8 3  Cont r ol 1 2  0 . 1 7 a 
1 9 8 3  F re s h  A i r 7 0 . 1 4  a 
1 9 8 3  AC 1 8  0 . 1 5  a 
1 9 8 4 Cont r ol 3 2  0 . 1 7 a 
1 9 8 4  F re s h  Ai r 8 0 . 1 9 a 
1 9 8 4  AC 3 2  0 . 1 6  a 
{ 1 ) : C o n t r o l  r e f e r s  t o  t h e  c o n t r o l  t r e a t m e n t , f r e s h  a i r 
r e f e r s  t o  t h e  s n o u t  v e n t� l a t i o n t r e a t m e n t , a nd AC 
r e f e r s  to t he s nout c oo l i ng t r ea tme nt . 
( 2 ) : S am e  l e t t e r  d e s i g n a t i o n i nd i c a t e s  n o  s i g n i f i c a n t  
d i f f e r e nce be twe e n  me a n s.  Cap i t a l  l e t t e r s  r ep r e sent 
s i g n i f i c e n c e  a t  t h e 0 . 0 1 l e v e l , s m a l l l e t t e r s 
r ep r e s e n t  s i g n i f i ca nce at  the 0 . 0 5  l ev e l . 
Ta b l e 7 .  E ffects  o f  s no u t  coo l i ng ,  s no u t  vent i l a t i o n  a nd  pa r i ty gro u p  o n  p i g l et  d ea t h  l o s s , we i g h t  
ga i n  t o  s even  days o f  a ge a nd overa l l we i g ht ga i n  d u r i ng s ummer  o f  1 98 4  
= = = = = = = = = = = = = = = = � � � = � = � = = c = = � = ; ; � � : ; : : = = � = � = � � � = � = = = = = = = = = = = = = = = = = = = = = = = = = = e � = = • • � = = z = z a = = = = • 2 = = = c c = = = � = = = = = = � = z • c • c : c : : : : : :  
I I I ( 2 )  
I I P ig l et Dea t h  L o s s  I P i g l et A v e  Da i l y  Ga i n  t o  I P ig l et Ave . Da i l y  Ga i n  t o  
I I ( p i g s/ l i t t e r )  I Day 7 ( k g /d a y )  I Wea n ing ( k g/da y )  
I I 
I I I 
I T re atme n t  ( 1 ) I C on t r o l  I F re s h  I AC I Cont r o l  I F r e s h  I AC I Cont r o l  I F r e s h  I AC 
I I I A i r  I I I A i r  I I I A i r  
= = = = = = = = = = = = = = = c : : e e a e = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = • = z = z z = = = = = z = = � E = z c = = = = = = = = = c = = = = = = = = = = = = = = 2 = = = = = = = = = = = • s = = = = = 
Sampl e  S i z e  ( l i t t e r s )  
Lea s t  Squ a r e s  Means 
S ig n i f i cance 
Lev e l s ( 3 )  
Pa r i t y G r oup ( 4 ) 
Sampl e S i z e  ( l i t t e r s )  
Lea s t  Sq u a r e s  Means 
S ig n i f i cance 
Leve l s  ( 3 )  
3 2  
1 . 0 8 
a 
I 
I 2 0  I 
I 
I 






1 0  3 2  3 2  
1 .  2 1  1 . 0 5  0 . 1 6 
a a a 
2 3 1 
4 8  I 6 I 2 0  
1 .  3 0  I 1 . 2 1 I 0 . 1 9 
a a I a 
8 3 2  3 2  1 0  3 2  
0 . 2 0 0 . 1 5 0 . 1 9  0 . 2 0  0 . 2 0 
a a a a a 
2 3 1 2 3 
I 4 6  I 6 I 2 0  I 4 8  I 6 
I 0 . 1 7 I 0 . 1 6 I 0 . 1 8 I 0 . 2 0 I 0 . 2 0  
a a I a a a 
( 1 ) : Cont r o l  r e f e r s  t o  t h e  c on t r o l  t r ea tment , f r e s h  a i r  r e f e r s  t o  t h e  s n o u t  v e n t i l a t i on t r e a tment , a nd AC r e f e r s  t o  
t h e  snou t coo l i ng t r ea tm e n t .  
( 2 ) : I nd i c a t e s  s i g n i f i c a n t  t r ea tm e n t /pa r i ty g r oup i nt e r ac t i on.  
( 3 ) : Same l e t t e r  des i g na t i o n i nd i ca t e s  n o  s i g n i f i c a n t  d i f f e r nc e  b e twe e n  me a n s. Cap i t a l  l e t t e r s  r e p r e s e n t  s i g n i f i ca n c e  
a t  t he 0 . 0 1 l e v e l , sma l l  l e t t e r s  r e p r esent  s i g n i f i c a nc e  at t h e  0 . 0 5  l ev e l .  
( 4 ) :  Pa r i t y  G r o u p  r e f e� s  t o  t h e  nu mb e r  o f  l i t t e r s  t h e  s ow h a s  f a r r ow e d .  G r o u p  1 = f i r s t  l i t t e r  s o w s .  G r o u p  2 = 
sec ond t h r ough s e v e n t h  l i t t e r  s ows.  G r oup 3 = e i g h t h  a nd up l i t t e r  s ows.  I nc l u d e s  p r e s e n t  l i t t e r .  
.Po 
N 
Tabl e B .  E f f e c t s  of  s no u t  cool i ng a nd v e nt i l at i on on 
p i g l et we i g ht g a in to s ev e n  d ays o f  a g e  
w i t h i n  e a c h  pa r i ty g r ou p  f o r  s umme r o f  1 9 8 4 
Ga i n  I 
Pa r i ty Tr eatment Numbe r pe r I S ig n i f i c ance 
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G r oup ( 2 )  of P ig l e t I L ev e l s ( 3 )  
( 1 )  L i t t e r s  ( k g/d ay ) I 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
1 C ont r ol 1 1  0 . 1 5 A 
1 F r e s h  A i r 2 0 . 2 8 B 
1 AC 7 0 . 1 4  A 
2 ' Cont r ol 1 7  0 . 1 8 a 
2 F r e s h  Ai r 6 Q . l 6  a 
2 AC 2 3  0 . 1 6  a 
3 C ont r ol 4 0 . 1 5 a 
3 F re s h  A i r  0 
3 AC 2 0 . 1 5  a 
( 1 ) : P a r i t y G r o u p  r e f e r s  t o  t h e  n u mb e r o f  l i t t e r s  t h e  s ow 
ha s fa r r owed.  G r oup 1 = f i r s t  l i t t e r s ow s .  G r oup 2 = 
se cond t h r oug h  s e v enth l i t t e r  s ow s .  G r ou p  3 = e i ght h 
and up l i t t e r s ow s .  Inc l udes p r e s e n t  l i t t e r .  
( 2 ) : C o nt r o l  r e f e r s  t o  t h e  c o n t r o l  t r e a t m e n t , f r e s h  a i r 
r e f e r s t o  t h e  s n ou t v e n t i l a t i o n t r e a t m e n t , a n d AC 
r e f e r s  to t he s nout c o o l i ng t r e a tme n t .  
( 3 ) : S a m e  l e t t e r  d e s i g n a t i o n i nd i c a t e s  n o  s i g n i f i c a n t  
d i f f e r e nce b e tween means.  Cap i t a l  l e t t e r s . r ep r e s e nt 
s i g n i f i c e n c e a t  t h e 0 . 0 1 l e v e l , sm a l l . l e t t e r s  
r ep r e se nt s i g n i f i c a nc e  a t  the 0 . 0 5  l e v e l . 
Ta b l e 9 .  P i g l et d ea t h  l o s s , we i g h t ga i n  to s even  days o f  a g e  a n d  overa l l we i g h t  ga i n  d u r i n g  s ummer s  
o f  1 98 2 , 1 98 3  a nd 1 984 
= = = = = = = = = = = = = = = = = = = = = = = = = = = � = = = = = = = = = = = = = = = = = = = = = = : z : c a a c : : : = = = = = = = = c : : e = � � - � = = = = = z � a z • = = • = = • � • = = = • = = z = = = = = = = = = = = = = • = = = = • • = =  
I I I 
· I Death Loss ( pi g s/l i t te r )  I Ave Da i l y  G a i n  t o  Day 7 I Ave D a i l y  Ga i n  t o  Wea n i ng 
I I ( k g/d a y )  ( 3 )  I ( k g/day ) 
I I I 
I I I I I I I 
Summ e r  I 1 9 8 2  I 1 9 8 3  I 1 9 8 4  I 1 9 82 I 1 9 8 3  I 1 9 84 I 1 9 8 2  I 1 9 8 3  I 1 9 8 4 
I I I I I I I 
= = = = = = = = = • = = = = = • = = = • = = = = = = E • = • = • = = = = = = = = = = = = = = = = = • = • • = = = = = = = = • = = = • = = = = = = = • c c x � = = = • = = = = � = = = • • = = = • z = : = = • = • = = z = = = • = = = = = = = = = = = = = 
I I I I I 
Samp l e  I Sam p l e S i ze  ( l i t t e r s )  I 0 I 3 8  I 7 3  I 1 0 5  I 3 7  I 7 2  I 1 0 7 I 3 8  I 7 3  
G r o u p  I I I I I I 
1 I I I I I I 
I Lea s t  Squ a r e s  Means I - - I 0 . 7 3  I 1 . 0 9 I 0 . 17 I 0 . 1 5 I 0 . 1 7 I 0 . 2 1  I 0 . 2 0 I 0 . 2 0 
( 1 )  I I I I I I 
I I 
S ig n i f i cance I a a I a a a I a a a 
Lev e l s  ( 2 )  I I 
I I 
I I 
I I I I I I I 
S ample I Samp l e  S i z e  ( l i t t e r s )  I 0 I 3 8  I 6 5  I 6 5  I 3 7  I 6 4  I 6 5  I 3 8  I 6 5  
G r oup I I I I I I I 
2 I I I I I I . I 
I Lea s t  Squa r e s  Mea n s  I -- I 0 . 7 5  I 1 . 0 3  I 0 . 1 5  I 0 . 1 6  I 0 . 1 6  0 . 2 0  I 0 . 2 0 I 0 . 2 0 
I I I I I I I I I 
I I . I I 
I S i g n i f i c a nce I a a a a a a a a 
I Lev e l s  ( 2 ) I 
I I 
I 
I I I I I I I 
Sample I sa·m p l e  S i z e  ( l i t t e r s ) I 0 I 3 8  I 4 0  3 0  I 3 7  I 3 9  3 0  I 3 8  I 4 0  
G r oup I I I I I I I I 
3 I I I I I I I I 
I Lea s t  Squa res M e a ns I - - I 0 . 7 6  I 0 . 9 8  0 . 1 4 I 0 . 1 6 I 0 . 1 7 0 . 1 9  I 0 . 2 0 I 0 . 2 1 
( 1 )  I I I I I I I I 
I 
S ig n i f i cance I a a A A a a a 
Lev e l s  ( 2 )  I B B 
= = = = = = = = = = = c = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
( 1 ) : Sampl e G r o up 1 c o n s i s t s  o f  t h e e n t i r e  c o l l e c t i o n o f  l i t t e r s . S a m p l e  G r o u p  2 c o n s i s t s  o f  o n l y  l i t t e r s  w h i c h  
expe r i e n c ed . 4 o r  m o r e  days � i t h  a m i n imum ou t s i d e  a v e r a g e  tempe r a t u r e  o f  2 4  C. Samp l e  G r oup 3 c on s i s t s  of o n l y  
l i tte r s  which e xpe r ie nced· 3 o r  mo re days  w i t h  a m i n imum ou t s i d e  a v e rage tempe r a t u r e  of  27  C .  
( 2 ) : 
( 3 ) : 
Same l e t t e r  d e s i g n a t i o n  i n d i c a t e s  no s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  me a n s . C a p i t a l  
s i gn i f i c a nce a t  t h e  0 . 01 l e v e l ,  sma l l  l e t t e r s  r ep r e s e n t  s i g n i f i c a nc e  a t  the 0 . 0 5  l e v e l .  
I nd i c a t e s  s i g n i f i ca n t  i n te r ac t i o n  ef fec t s  o f  t r ea tment s and yea r s. 
l e t t e r s  r e p r e s e n t  
� 
� 
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i n d i c a t e d  t h a t  t h e  e n v i r o nm e n t a l  r o om t em p e r a t u r e s  w e r e  
t r e a t me n t  d e pe nd e n t .  T h e r e f o r e ,  t h e e n v i r o n me n t a l  r o o m  
t empe r a t u r e  d a t a  w e r e  n o t  u s e d  i n  t h e  a n a l y s i s  o f  t h e  s w i n e  
pe r f o r m a nc e v a r i a b l e s ,  e x c e pt f o r  s ow r e s p i r a t i o n r a t e s .  
The snout c o o l i ng sy s tem,  whe n ope r a t i ng ,  typ i c a l ly l ow e r ed 
t he e n v i r o n me n t a l r oo m  a i r t e m pe r a t u r e s  by . 5  t o  1 d e g r e e 
c e l s i u s ( 1 - 2  d e g r e e s  F )  c om p a r e d t o  t h e c o n t r o l  a n d s n o u t 
v ent i l at e d  r ooms .  
C l i m a t i c  d r y b u l b  t e m p e r a t u r e  d a t a  f r o m t h e  
Na t i ona l We a t he r S e r v i ce a t  S i ou x  F a l l s , S outh Da k ot a  f or 
t h r e e  h ou r  pe r i o d s  w e r e  u s e d  t o  d e t e r m i n e d a i l y a v e r a g e  
o u t s i d e  t e m p e r a t u r e s , s i n c e  t h e  e n v i r o n m e n t a l  r o o m 
t e mpe r a t u r e  d a t a  w e r e  f o u n d  t o  b e  t r e a t m e n t  d e pe n d e n t .  
T h e r e  w e r e  1 4 8  s ow s  a n d  l i t t e r s  t h a t  e x pe r i e n c e d  a t  l e a s t  
f ou r  day s  w i th a n  a v e r a g e  out s i d e  tempe r a t u r e  of 2 4  d e g r ee s  
c e l s i u s ( 7 5  � e g r e e s  F ) , o r  h i g h e r .  S e v e n t y  o n e  o f  t h e s e  
e x pe r i e n c e d  a t  l e a s t t h r e e  d ay s  w i t h  a n  a v e r a g e  o u t s i d e  
t empe r a t u r e  o f  2 7  d e g r e e s  c e l s i u s  ( 8 0 d e g r e e s  F ) , o r  
h ig h er . The e f f e c t s  o f  snout c o o l i ng a nd s nout v ent i l a t i on 
we r e  sepa r a t e l y  t e s t e d  o n  t he t h r e e  $et s of d at a : a l·l s ow s  
·a nd l it te r s ,  t h e  1 4 8  s ow a nd l i t t e r · s ub s e t ,  a nd t he 7 1  s ow 
a nd l it t e r s ub s e t .  
Av e r age da i l y  s ow we i g h t  l os s  du r i ng l a ctat i on w a s  
s l i g h t l y  l e s s . f o r t h e  s ow s  o f  t h e  s n o u t  c o o l e d  a nd t h e · 
s n o u t  v e n t i l a t e d  . g r o u p s  w i t h a v e r a g e s  o f  . 6 3  k g /d ay ( 1 . 4  
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l b /d a y )  f o r  t h e  c o n t r o l  g r o u p , . 6 1  k g /d a y  ( 1 . 3 l b / d a y ) f o r  
t he s nout v ent i l at e d  g r oup,  and . 5 9  k g /d ay ( 1 . 3 l b/day ) f o r  
t h e  s n o u t  c o o l e d  g r o u p  ( t a b l e  1 ,  3 ,  a nd 4 ) . T h e r f o r e , 
snout co o l i ng r e d u c e d  sow we i g h t  l os s  d u r i ng l actat i on by 
s i x  pe r ce nt and snout v ent i l a t ion r ed u c e d  s ow w e i ght l os s  
d u r i n g l a c t a t i o n b y  t h r e e p e r c e n t .  H o w e v e r ,  t h e s e  
reduc t i ons we r e  non s i g n i f i c ant.  
The  s n o u t  s y s t e m s  r e s u l t e d  in  i nc r e a s e d s ow f e e d  
c o n s u m p t i o n d u r i n g l a c t a t i o n .  T h e  d a i l y  s o w f e e d  
c o n s u m p t i o n a v e r a g e s  f o r  t h e  c o n t r o l  g r o u p s , s n o u t  
v e n t i l a t e d g r o u p s , a n d s n o u t  c o o l e d  g r o u p s  w e r e  
r e s pe c t i v e l y :  6 . 2 4 k g /d a y  ( 1 3 . 8 l b / d ay ) , 6 . 3 6  k g /d ay ( 1 4 
l b /d a y ) , a n d 6 . 5 6  k g /d a y  ( 1 4 . 5 l b / d a y )  f o r a l l s ow s ;  6 . 1 2  
k g /d ay ( 1 3 . 5 l b / d ay ) , 6 . 2 7  k g /d ay ( 1 3 . 8 l b /d ay ) , a n d  6 . 5 2  
k g /d a y  ( 1 4 . 4 l b/ d a y )  f o r  t h o s e  s ow s  t h a t  e x pe r i e n c e d  a t  
l e a s t  f ou r  q ay s  o f  2 4  d e g r e e s  c e l s i u s ( 7 5  d e g r e e s  F ) , o r  
h i g h e r a v e r a g e  o u t s i d e  t em p e r a t u r e ;  6 . 0 1  k g /d a y  ( 1 3 . 2  
1 b /d ay ) , 6 . 2 2  k g / d a y  ( 1 3 . 7 l b/ d ay ) , a n d  6 . 5 1  k g /d ay ( 1 4 . 4 
l b/day) f o r  t h ose s ow s  that e xpe r i enced a t  l ea s t  2 7 · d e g r ee s  
c e 1 s i u s  ( 8 0 d e g r e e s  F )  , o r  h i g h e r a v e r  a g_e o u t s i d e  
· t empe r a tu r e  ( t ab l e 1 ) . 
s n o u t c o o l i ng i n c r e a s e d  a v e r a g e· d a i l y  s ow f e e d  
c onsumpt ion d u r ing l act at i on by f i v e  p� r c ent f o r  t he e nt i r e  
c o l l e c t i o n o f  s o w s ,  s i x  p e r c e n t  f o r  t h o s e  s o w s  t h a t  
e x pe r i e n c e d  a t  l e a s t  f o u r d a y s  o f  2 4  d e g r e e s  c e l s i u s ( 7 5  
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d e g r e e s  F ) , o r  h i g h e r  a v e r a g e  o u t s i d e  t em p e r a t u r e ,  a nd 
e i g h t  pe r c e n t  f o r  t h o s e  s ow s  t h a t  e x p e r i e n c e d  a t  l e a s t  
t h r e e  day s  o f  2 7  d e g r e e s  ce l s i u s  ( 8 0  d eg r e e s  F ) , o r  h i g he r  
a v e r a g e  o u t s i d e t e m p e r a t u r e  ( t a b l e  1 ) . A l l o f  t h e  
i nc r e ases i n  s ow f e e d  cons umpt ion d ue t o  snout coo l i ng a r e  
s t a t i s t i c a l l y  s i g n i f i ca nt .  S n o u t v � n t i l a t i o n i n c r e a s e d  
a v e r a g e  d a i l y s ow f e e d  c o n s um pt i o n b y  t w o  p e r c e n t  f o r  t h e  
ent i r e c o l l ec t i on o f  s ow s , two pe r cent f o r  t h o s e  s ows t h a t  
e x p e r i e n c e d  a t  l e a s t  f o u r d ay s  o f  2 4  d e g r e e s  c e l s i u s ( 7 5  
deg r ees F ) , o r  h i g h e r  a v e r a g e  ·out s id e  t empe r a t u r e ,  a nd f ou r  
pe r cent f o r  t ho s e  s ow s  t ha t  expe r i enced a t  l east t h r e e  d ay s  
o f  2 7  d e g r e e s  c e l s i u s ( 8 0  d e g r e e s  F ) , o r  h i g h e r a v e r a g e  
o ut s ide t empe ra t u r e .  Th i s  s ugg e st s that the ef f e ct s  o f  t he 
snout sy stems on s ow f e e d  c o n s umpt i on i nc r e a s e  a s  c l imat i c  
t e m p e r a t u r e s  i n c r e a s e .  T h e  s n o u t  v e n t i l a t i o n s y s t e m 
i nc r e a s e d  s ow f e e d  c o n s u mpt i o n ,  h ow e v e r , a l l o f  t h e s e  
i nc r eases we r e  nons i g n i f i c ant ( tab l e  1 ) . 
The e f f e c t  o f  pa r i ty g r oup o n  s ow feed c o n s umpt i on 
was f ound t o  b e  h i g h l y  s i gn i f i cant , w i t h  f i r s t  l i t t e r s ow s  
consu�i ng s ig n i f i cant l y  l e s s  f e e d  pe r day t h a n  o l der  s ows 
- ( t a b l e 3 ) . P a r i ty g r o u p  1 c o n s i s t e d  o f  t h o s e  s ow s  w h i c h  
we r e  nu r s i ng th e i r f i r st l i t t e r ,  pa r i ty g i oup 2 we r e  t h o s e  
s ow s wh i c h  w e r e  n u r s i n g t h e i r  s e c o n d  t h r o u g h  s e v e n t h  
l it t e r ,  and pa r i ty g r oup 3 con s i sted of the  r ema i n i ng s ows · 
f r om the summe r o f  1 9 8 4 .  
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T h e s n o u t  s y s t e m s  r e d u c e d  t h e  n u m b e r o f  d a y s  
r eq u i r e d  f o r  t h e s ow s  t o  r e t u r n  t o  e s t r u s a f t e r w e a n i n g 
w ith snout coo l i ng r ed u c i ng t h i s t ime pe r i od by . 7  day s a nd 
snout v e nt i l at i on r ed u c i ng t h i s  t ime pe r i od by . 1  d ay s  f or 
t h e  e n t i r e c o l l e c t i o n o f  s ow s  ( t a b l e  1 ) . T r e a t m e n t s  a n d 
yea r s  inte r a c t e d  a t  a s i g n i f i ca nt l ev e l  t o  a f f e c t  t h e  days 
r equ i red for the s ow to r et u r n  to e s t r u s. Th e . s n o u t  c oo l ed 
s ow s  r e q u i r e d  a n  a v e r a g e  o f  4 . 8 d a y s  t o  r e t u r n  t o  e s t r u s ,  
w h i c h  w a s  s i g n i f i c a n t l y  l e s s  t h a n -t h e  a v e r a g e  n u mb e r  o f  
d ay s  r e q u i r e d  b y  t h e  c o n t r o l ' g r o u p ,  7 . 6  d ay s ,  d u r i n g t h e 
s umme r o f  1 9 8 3 .  The r ef o r e ,  snout coo l i ng r ed u ce d  t h i s  t ime 
pe r i od by 2 . 8 d ays d u r i ng the s umme r of 1 9 8 3  ( t a b l e  2 ) . 
The snout sy s t em s  r educed pig l e t deat h l os s  d u r i ng 
l a c t a t i o n. Av e r a g e  p i g l e t d e a � h  l o s s  pe r l i t t e r  d u r i n g 
l a c t a t i o n wa s . 9 7 f o r  t h e  c on t r o l g r o u p , . 8 5  f o r  t h e  s n o u t  
v e nt i l a t e d  g r ou p ,  a nd . 9 1  f o r  t h e  s n o u t  c o o l e d g r o u p  f o r  
t he ent i re c o l l e c t i o n  o f  l i t t e r s  ( tab l e  5 ) . Av e r a g e  p i g l e t 
d e a t h  l o s s  pe r l i t t e r d u r i n g l a c t a t i o n f o r  t h o s e  l i t t e r s  
t ha t . e xp e r i e n c e d  a t  l e a s t  t h r e e d a y s  w i t h  a n  a v e r a g e  
o u t s i d e  t e m pe r a t u r e  o f  2 7  d e g r e e s  c e l s i u s ( 8 0  d e g r e e s  F ) , 
. o r  h i g h e r , w a s  1 .  0 7  f o r  t h e  c o n t r .o l  g r o u p , . 8 6 . f o r  t h e · 
snou t v ent i l a ted g r oup,  a nd . 6 8  f o r  the stiout � o o l e d  g r oup 
( t ab l e  5 ) . H ow e v e r ,  a l l d i f f e r e n c e s  w e r e n o n s i g n i f i c a n t .  
T h e s e d i f f e r e n c e s  m a y  h a v e  b e e n  m o r e  p r o n o u n c e d , i f  d e a t h  
l os s data wou l d  ha v e  b e e n a v a i l a b l e f o r  the f i r s t  s umme r . 
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P i g l e t a v e r a g e  d a i l y w e i g h t  g a i n  t o  s e v e n  d ay s  o f  
a g e  w a s  l ow e r f o r t h e  p i g l e t s  o f  t h e  s n o u t  c o o l e d  g r ou p  
c ompa r ed t o  t h e  a v e r ag e  o f  t h e  cont r o l g r oup whe n t h e  data  
f or a l l th r ee y ea r s  was  c omb i ne d  ( t ab l e 5 ) . These e f f e ct s  
become mo r e  appa r e nt whe n  c ompa r i son s a r e  mad e  f o r  l i t t e r s  
w h i c h  e x p e r i e n c e d  a t  l e a s t  t h r e e d a y s  w i t h a n  a v e r a g e  
o u t s i d e  t em p e r a t u r e  o f  2 7  d e g r e e s  c e l s i u s ( 8 0  d e g r e e s  F ) , 
o r  h i g h e r ( t a b l e  5 ) . T h i s  may b e  d u e  t o  a d d i t i on a l d r a f t s 
b e i n g p r o d u c e d  by t h e s n o u t  sy s t em s .  H ow e v e r ,  s n o u t  
cool ing i nc r ea s ed a v e r ag e  pig l e t we i ght g a i n  t o  s e v e n  d ay s  
of  a g e  b y  . 0 2 k g /d a y  ( . 0 4  l b /d a y ) , 1 2  p e r c e n t , d u r i n g t h e 
s u m m e r  o f  1 9  8 2 ( t a b  1 e 6 )  • S n o u t  v e n t i l a t i o n h a d  n o  
d e t e c t a b l e  e f f e c t o n  a v e r a g e  p i g l e t w e i g h t g a i n  t o  s e v e n 
days of age whi l e , o v e r a l l ,  snout coo l i ng r educed a v e r age 
pig l e t w e i ght g a i n  to s e v en day s  of age by s i x  pe r cent f o r  
t h o s e p i g l e t s  t h a t  e x p e r i e n c e d a t  l e a s t  f o u r  d a y s  o f  2 4  
d e g r e e s c e l c i u s ( 7 5  d e g r e e s  F ) , o r  h i g h e r  a v e r a g e  o u t s i d e  
t e m p e r a t u r e  a n d 1 2  p e r c e n t  f o r · t h o s e  p i g l e t s  t h a t  
e x pe r i e n c e d  a t  1 e a s t  t h r e e  d ay s  o f  2 7  d e g r e e s  e e l s i  u s  ( 8 0  
d e g r e e s  F ) , o r  h i g h e r a v e r a g e  o u t s i d e  t e m pe r a t u r e . · A l l 
r educt ion s  we r e  nons i g n i f i c ant.  
P i g l e t a v e r a g e  d a i l y  w e i g h t  g a i n  t o  s e v e n  d ay s o f  
a g e f o r  t h e s n o u t  v e n t i l a t e d  g r o u p  . w a s  s i g n i f i c a n t l y 
g r e a t e r t h a n  t h a t  o f  t h e  s n o u t c o o l e d o r  c o n t r o l  g r o u p s 
when c ons id e r i ng s ows wh i c h  w e r e  nu r s i ng t h e i r f i r s t  l i t t e r 
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( t a b l e 8 ) . Th e c om b i n e d  e f f e c t s o f  t h e  s n o u t  s y s t e m s  a nd 
s ow a g e  o n  t h e  a v e r a g e  d a i l y g a i n  o f  t h e  p i g l e t s  t o  a g e  
s e v e n  d a y s  w a s  s i g n i f i c a n t .  D e s p i t e  t h e  s t a t i s t i c a l  
s ig n i f i canc e ,  note that t he r e  we r e  o n l y  two samp l e s  i n  t h e  
s n o u t  v e n t i l a t e d  g r o u p  i n  t h i s  c a s e .  C a r e  s h o u l d  b e  t a k e n  
because of the sma l l numbe r o f  l i t t e r s  i nv o l v e d .  
Av e r a g e  d a i l y  g a i n s  o f  t he p i g l e t s  d u r i n g t h e  
e n t i r e l a c t a t i o n w e r e  s i g n i f i c a n t l y  h i g h e r f o r  t h e  s n o u t  
c o o l ed g r oup c ompa r ed t o  t h e  cont r o l  g r oup ( t ab l e  5 ) . Th i s  
d i f f e r ence be comes m o r e appa tent when c ompa r i s on s a re made 
a m o ng t r e a t me nt s f o r s am p l e s  t h a t  e x p e r i e n c e d  a t  l e a s t  
t h ree days of 2 7  d e g r ee s c e l s i u s  ( 8 0  deg r ee s  F ) , o r  h i g he r ,  
av e r age out s ide t empe r at u r e  ( tab l e  5 ) , wh i c h  wou l d  i nd i ca t e  
t ha t  t h e  e f f e c t s  o f  s nout c oo l ing o n  o v e r a l l p i g l e t w e i g h t  
g a i n  i nc t e a s e  a s  c l i m a t i c  t em p e r a t u r e s  i nc r e a s e .  S n o u t  
c oo l ing i nc r ea se d  o v e r a l l d a i l y pig l e t we i g ht g a i n  d u r i ng 
l actat i on by f iv e  pe r c e n t .  
Re sp i r a t i o n r a t e s  o f  t h e  s ow s  w e r e  s i g n i f i c a n t l y 
l ow e r e d by t h e  s n ou t  s y s t em s ,  i nd i c a t i ng i m p r o v e d s o w 
c omf o r t ( Appe nd i x A ) . D a t a  f o r t h e  s ow r e s p i r a t i o n r a t e s  
. a r e  r e p r e s e nt e d i n  f i g u r e s  7 t h r o u g h  9 .  T h e  r e s u l t i n g 
mu l t i pl e  r eg r es s i o n  c ti r v e s a r e c ompa r ed i �  f ig u r e  1 0 . On l y  
s o w r e s p i r a t i o n r a t e s t a k e n  a t  e n v i r o n m e n t a l  r o o m  
t e mpe r a t u r e s o f  2 7  d e g r e e s  c e l s i u s  ( 8 0 d e g r e e s F ) , o r  
h i g h e r ,  w e r e  c o n s i d e r e d .  T h e  r e s u l t i n g r � g r e s s i o n 
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eq ua t i ons shou l d  not b e  u s e d  f o r p r ed i ct i ng s ow r e s p i r a t i o n 
rates , because they r ep r e s ent t he s pe c i f i c  cond i t i ons wh i ch 
ex i st ed du r i ng t h i s i nv e s t i g a t ion a nd a r e  on l y  i nt e nd e d  t o  
r ep re s e nt the cond i t i on s  o f  th i s  i nv e s t i ga t i on. Ro l l e r and 
G o l d m a n  ( 1 9 6 9 )  d e f i n e d  a t e m p e r a t u r e - h u m i d i t y i n d e x  
ca l cu l ated by mu l t i p l y i ng d ry bu l b  t empe r atu r e  (Tdb ) by .75 
a d d e d  t o  w e t b u l b  t em p e r a t u r e  ( Twb ) mu l t i p l i e d  b y  . 2 5  a s  
t h e  s i ng l e  b e s t  o v e r a l l v a r i a b l e f o r  p r e d i c t i n g  t h e  
·-
p h y s i o l o g i c a l  r e s p o n s e  o f  m a t u r e  s w i n e t o  s u mm e r  
e n v i r o n m e n t a l  c o nd i t i o n s . Th e r e f o r e ,  r e s p i r a t i o n r a t e s  
w e r e a n a l y z e d a s  a f u c t i o n o f  t h i s t emp e r a t u r e - h u m i d i ty 
i nde x . 
Evaluation .Qf Sytem Designs: 
The i ns u l ated d u c t  b oa r d  used t o  const r u ct t h e  m a i n  
t r un k  d u c t  f or t h e  snout v en t i l a t i on sy s t em pe r f o r me d  w e l l .  
I n s u l a ted duct b oa r d i s ,  t h e r e f o r e ,  recomme nd ed i ns t e a d  o f  
t h e  mor e  e x pens i v e  2 6  g a ug e ,  g a l v an i z ed st e e l  d u c t i ng w i t h  
f ib e rg l as s  i ns ti l at i on u s e d  i n  the snout coo l ing sy s t em. 
S om e  p r ob l e m s  w e r e  e n c o u n t e r e d w i t h  t h e  f l e x i b l e 
.d r y e r t u b i n g u s e d i n  t h e  s n o u t  v e n t i l a t i o n s y t ern f o r t h e  
b r a n c h  d u c t s .  F a i l u r e i s  c a u s e d  w h e n t h e -' PVC p i p e , w h i c h 
i s  f a s t e n e d  t o  t h e f l e x i b l e t u b i n g ; i s  d r o pp e d  w h i l e  
r em o v i n g t he b r a n c h  d u c t  f r om t h e  f r ont o f  t h e  f a r r ow i n g · 
c r a t e , p r o d u c i n g t e n s i o n i n  t h e  t u b i ng .  T h e r e £ o r e ,  t h e  
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more e x pens i v e  f l ex ib l e  t u b i ng l i k e  that u sed i n  t h e  snout 
coo l i ng sy stem i s  r ec omme nd ed.  
A i r f l ow s  of  t h e  two sy t e m s  i n  t h e  b r a n c h  d u c t s 
r em a i ne d  r e l a t i v e l y c on s t a nt t h r o u g h o u t e a c h  s u mm e r .  
S l i g h t a d j u s t m e n t s o f  t h e  b u t t e r f l y t y p e  b a f f l e s w e r e  
r eq u i r e d  a t  t he b e g i n n i n g o f  e a c h  s umm e r .  T h e  b u t t e r f l y 
t y p e  b a f f l e s u s e d  i n  t h e s e  s y t e m s  a r e q u i t e s e n s i t i v e  a n d  
a r e  d-i f f i c u l t  t o  a d j u s t .  A d i f f e r e nt t yp e  o f  b a f f l e , 
p r e f e r a b l y  o f  s l i d i n g p l a t e  t ype i o c a t e d  n e a r  t h e  b r a n c h  
d u ct o ut l e t ,  i s  r e c omme nd e d .  · Thi s  wou l d  mak e a d j u s tme nt s 
ea s i e r  w i th t h e  ope r a t o r  ab l e  t o  pos i t i on t h e  p l a te w h i l e  
s imu l tane ou s l y check i ng th e a i r f l ow. 
The PVC p i pe u se d  t o  d i r ect the a i r f l ow t ow a r d  t h e  
s ow ' s  h e a d  a r e a  w a s  n o t  s u b j e c t  t o  d ama g e  by t h e  s ow s .  
H owev e r ,  · a d i f f e r ent a r r angeme nt t o  i nt r od u ce t h e  a i- r f l ow 
t o  t h e s ow n o s e  a r e a  i s  r e c omm e n d e d  t o  m i n i m i z e d r a f t  o n  
t h e  y o u n g  p i g l e t s  a n d  t o  p r o v i d e  a i r f l ow t o  t h e  s ow n o s e  
a r e a  wh i l e  the s ow- i s  l y i ng d ow n  i �  the c ra t e .  
Obse r v at i on s  r ev ea l ed t ha t  the t r unk d uc t  . i n  t h i s  
f a c i l i ty a l t e r e d  t h e  a i r f l ow pa t t e rns  of t h e  conv e n t i on a l 
. s umme r v e nt i l at i on sy s t em. I t  i s  r ec omme nded t h a t  t h e  ma i n  
t r unk duct b e  mov ed t o  t h e  a t t i c  t o  av o i d  i nt e r fe r e n c e  w i t h 
t h e  n o r m a l v e n t i l a t i o n a i r f l ow p a t t e r n s .  T h e i nc om i ng 
s t r e am o f  v e nt i l at io n a i r wa s d e f l e ct ed d ownwa r d i nt o  t he· 
f a r r ow i n g  c r a t e s  o n  t h e  n o r t h  s i d e  o f  t h e  r o om s .  T h e  a i r  
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v e l o c i t y i n  t h e  f a r r ow i n g  c r a t e s  o n  t h e  s o u t h  s i d e  o f  t h e  
f a r r ow i n g  r o oms wa s r e d u c e d  ( f i g u r e s 2 ,  3 ,  a n d  4 ) . N o  
e f f e ct w a s  dete cted on t h e  c o n v e nt i on a l  w i nt e r v e nt i l a t i on 
a i r f l ow pa t t e r ns.  
E s t i mated e l e c t r i ca l  ope r a t i ng c o st s  of the s n out 
c o o l i n g sy s t em i s  $ . 8 0  p e r d a y .  T h i s  i s  b a s e d  o n  a n  
e l e ct r i ca l  r ate of $ . 0 4 /kW- h ,  an ope r a t i ng v o l t a g e  o f  2 2 0  
v o l t s� a nd on ampe r ag e  d a t a  c o l l ected ov e r  a t ot a l  pe r i od 
o f  1 3 9  d ay s ,  6 2  d ay s  i n  t h e  s umm e r o f  1 9 8 3 a n d  7 7  d a y s i n  
the s umme r of 1 9 8 4 .  Th i s  ope r a t i ng cost e s t ima t e  s ho u l d  b e  
fa i r l y  typ i ca l  due t o  t h e  c l i ma t i c  t empe r atu r es e xpe r ie nc e d  
d u r i n g d a t a  c o l l e c t  i o n .  T a b l e C . 3  s u mm a r i z e s  c 1 i m a  t i c  
t em pe r a t u r e d a t a  f o r  S i o u x  F a l l s ,  S ou t h  D a k o t a  f o r  t h e  
app r op r i a t e  mont h s  o f  1 9 83 a nd 1 9 8 4 .  
Re comme nd at i on s  f o r  f ut u r e  s nout coo l i ng r es e a r ch 
i nc l u d e  d e v � l op i n g a n  o u t l e t f o r  t h e  s n ou t  sy s t e m s  t h a t  
w o u l d  m i n i m i z e  d r a f t s  o n  t h e  y o u n g  p i g l e t s a nd p r o v i d e  
a i r f l ow t o  t h e  s ow w h i l e  s h e  i s  l y i n g d ow n  i n  t h e  f a r r ow i n g 
c r a t e  a n d a l s o d e t e r m i n i ng t h e  o p t i m a l a i r f l ow r a t e  f o r 
s u ch snout sys tems.  Add i t i on a l r e se a r c h  m i ght a l s o  i n c l u d e  
· e v a l u a t i ng t h e  p o s s i b i l i ty o f  c o o l i ng t h e  a i r w i t h  t ub e s  
l ocated beneath the g r ou nd a nd d ev e l op i ng a swi t c h  t o  a l l ow 
t h e  s ow t o  a ct i v ate t h e  s n o u t  sy s tem when de s i r ed. 
CONCL US I ONS 
T h e  r e s u l t s  o f  t h i s i n v e s t i g a t i o n  s up p o r t  t h e 
f ol l ow i ng c onc l u s i ons . 
1 .  S n o u t  c o o l i ng r e d u c e d  s ow we i g h t  l o s s  d u r i n g  
l ac t a t i on by s i x pe r c ent a nd snout v e nt i l a t i o n  r ed u c e d  s ow 
we i g h t l o s s  d u r i n g l a c t a t i o n b y  t h r e e pe r c e n t .  A l l 
r ed u c t i on s  w e r e  non s i g n i f i c a n t .  
2 .  Sn ou t c o o l i ng i nc r e a sed s ow feed c on s umpt i o n  b y  
f i v e  p e r c e n t f o r  t he e n t i r e c o l l e c t i o n o f  s ow s  a n d  e i g h t  
pe r ce nt f o r  those s ows t hat e x pe r i e n ced a t  l ea s t  t h r ee d ay s  
o f  2 7  d e g r e e s  c e l s i u s  ( 8 0 d e g r e e s  F ) , o r  h i g h e r a v e r a g e 
out s i de tempe r at u r e. Snou t v ent i l a t i on i nc r ea s ed s ow f e ed 
c on s u m p t i o n b y  two p e r c e n t f o r  t he e n t i r e c o l l e c t i o n o f  
s ow s  a nd f ou r  pe r c e n t  f o r  t h o se s ow s  t h a t  e x pe r i e n c e d  a t  
l e a s t  t h r e e  d ay s  o f  2 7  d e g r e e s  e e l  s i u s  ( 8 0  d e g r e e s  F ) , o r  
h i g he r a v e � ag e  out s i de t empe ra t u r e .  
3 .  T h e  s n o u t  cool i ng and snout v e n t i l a t i on sys t em s  
r e s u l t e d  i n  a s ho r t e r  amount of t i me r equ i r ed f o r t h e  s ows 
t o  r e t u r n  t o  e s t r u s  a f t e r w e a n i ng .  S n o u t  c o o l i ng r e d u c e d  
t h i s  t i m e  pe r i od b y  . 7  d ay s  a n d  s n o u t v e n t i l a t i o n r e d u c e d  
t h i s t im e  p e r i od b y  . 1  d ay s .  H ow e v e r ,  t he s e  r e d u c t i o ris 
w e r e  n on s i g n i f i c a n t .  S n o u t c o o l i ng r e d u c e d  t h i s  t i m e  
pe r i od b y  2 .8 d ay s  d u r i ng t h e  s umme r ·of 1 9  8 3 .  
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4 .  Snout c ool ing r ed uced p i g l et dea t h  l os s  d u r i ng 
l actat i on w i t h  t he cont r o l  g r oup av e r ag i ng . 9 7  d ea t h s  pe r 
l it te r ,  t h e  snout v e nt i l a t ed g r oup a v e r a g i ng . 8 5  d e a t h s  pe r 
l i t te r ,  and t he s nout c oo l ed g r oup a v e r ag i ng . 9 1  d ea t hs pe r 
l it te r . 
5 .  T h e  e f f e c t s  o f  t h e  s n o u t  c o o l i ng a n d  s n o u t  
v ent i l at i on sy s t em s  we r e  sma l l ,  i f  any ,  o n  pig l e t a v e r a g e  
dai l y  w e i ght g a i n  t o  se v en days of  a g e  f o r  t h e  ent i r e  a a t a  
s e t  wh i l e snout c o o l i ng r educed pi g � e t  w e i ght ga i n  t o  s e v e n  
d a y s  o f  a g e  b y  1 2  p e r c e n t  f o r  t h o s e  l i t t e r s  w h i c h 
e x p e r i e n c e d  h i g h e r  c l i m a t i c  t em p e r a t u r e s .  H ow e v e r ,  t h i s  
r ed uc t i on was nons i gn i f icant . 
6 .  S n o u t  c o o l i ng i n c r e a s e d p i g l e t a v e r a g e  d a i l y  
w e i g h t  g a i n  d u r i n g l a c t a t i o n by f i v e  p e r c e n t w h i l e  s n o u t  
vent i l at i on had n o  not i c e ab l e  e f f ec t s .  
7 .  Snout c o o l i ng and snout v en t i l a t i o n  r ed uc e d  s ow 
r e s p i r a t i o n · r a t e s , w h e r e  s n o u t  c o o l i ng r e s u l t e d  i n  t h e 
l a r g e s t  r ed u ct i on ,  i nd i ca t i ng i n c r e a s e d  s ow c omf o r t  d ue t o  
t he snout sy s t ems . 
8 .  E s t i ma t e d  e l e c t r i c a l  o p e r a t i ng c o s t  o f  t h e  
s n o u t  c o o l i n g s y s t em i s  $ . 8 0  p e r d ay f o r  t h e . 1 2  c r a t e  
system. The s nout c o o l i ng system l owe r ed . the env i r onme n t a l  
r oom a i r t empe r a t u r e s  b y  a n  a v e r a g e  o f  . 4  deg r e e s  c e l s i u s . 
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9 .  T h e  i n s u l a t ed d u c t b o a r d  u s e d i n  t h e  s n o u t  
v e nt i l a t i on sy s t em s h o u l d  b e  u sed i nst ead o f  t h e  2 6  qauge 
g a l v i n i z ed st e e l  d u c t i ng used in the snout c oo l i ng sy s t em 
f o r  c o n s t r u c t i o n o f  t h e  m a i n  t r u nk d u c t  s i n c e  i t  i s  d u r ab l e  
e nough a nd mo r e  e c o n om i c a l .  
1 0 . T h e  i n s u l a t e d  f l e x i b l e  t u b i n g u s e d t o  
c on s t r u c t  t h e b r a n c h  d u c t s o f  t h e  s n o u t  c o o l i n g s y s t em 
s h o u l d  b e  u s e d  i n s t e a d  o f  t h e  c o n v e n t i o n a l p l a s t i c  d r y e r  
t ub i ng u sed f o r  the snout  v en t i l at i on sy s t em b e ca u s e  o f  i t s  
g r eate r d u r ab i l i ty . 
SUMMARY 
Dec r ea s ed sw i ne pe r f o r mance has  been a t t r i b u t e d  t o 
heat s t r es s. S ow s  a nd young p i g l et s  do not ache i v e  ma x imum 
p e r f o r m a n c e a t  t h e  s a m e  e n v i r o n m e n t a l c o n d i t i o n s .  
Th e r e f o r e ,  r e s e a r c h  wa s c o n d u c t e d  t o  i nv e s t i g a t e  t h e  
e f f e c t s o f  s n o u t  v e n t i l a t i o n a n d  s n o u t  c o o l i n g o n  t h e  
pe r f o r m a n c e  o f  s w i n e d u r i ng t h e f a r r ow i n g a n d  l a c t a t i o n 
pe r i od i n  a comme r c i a l  conf i nement f a r r ow i ng f ac i l i ty .  
E f f ect s of th r e e  t r ea tment s : - s no ut v ent i l a t i on p l u s  
conv ent i ona l v e nt i l a t i on ,  snou t coo l i ng p l u s  conv e nt i ona l 
v en t i l a t i on ,  a nd c onv e nt i ona l v en t i l a t i on on l y ,  o n  sw i n e  
pe r f o r m a n c e w e r e  c om p a r e d .  T h e  s no u t  v e n t i l a t i o n s y s t e m  
d e l i v e r e d  . 0 3 4  c ub i c  me t e r s  pe r s e cond ( 7 0  cfm) o f  o u t s i d e  
t o  t h e  s ow nose a r ea a nd t h e  sno�t coo l ing sy stem d e l iv e r e d  
. 0 1 7  c u b i c  m e t e r s  p e r s e c on d  ( 3 5  c f m ) o f  m e c h a n i c a l l y 
r e f r i g e r ated a i r  t o  t h e  s ow n o s e  a r ea .  
Re s u l t s  i nd i ca ted imp r ov ed sw ine pe r f o rman c e  d u e  t o  
t h e  s n o u t  sy s t ems .  The s n o u t  v ent i l a t i on sys tem l owe r ed s ow 
r espi r a t i on r a t e s  c ompa r ed t o  t h e  cont r o l  g r oup. �he s n o ut 
coo l i ng sy stem r e s u l t ed i n  i nc r ea s ed s ow feed c o n s umpt i on 
a nd i n c r e a�ed ov e r a l l p i g l e t  we i ght g a i n  d u r ing ·l ac ta t i on 
w i t h  g r ea t e r d i f f e r e nc e s  among the t h r ee : g r oups r e s u l t i ng 
d u r i ng pe r i od s  of h i g h e r c l ima t i c  t empe r a t u r e s .  H owe v e r , 
the s nout coo l i ng sy s t em appe a r ed t o  hav e p r oduced u nw a n te d  
d r a f t s i n  t h e  p i g l e t  a r e a ,  w h i c h  may h a v e r e d u c e d  a v e r a g e  
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d a i l y  g a i n o f  t h e  p i g l e t s  t o  s e v e n  d a y s  o f  a g e .  S o w 
r espi rat i o n  r at e s  w e r e  s i gn i f i c a nt l y  l owe red by t h e  s nout 
c o o l ing sy s tem. E s t ima ted e l e c t r i c a l  ope r a t i ng cost of  the 
s n o u t  c o o l i ng s y s t e m  is  $ . 8 0  pe r d ay f o r t h e  1 2  c r a t e  
sys t em .  
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T R A N S A C T I O N S  o f  t h e  A S A E  
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c o n f i n e me n t  s y s t e m o f  p r o d u c t i o n .  Ag r i c u l t u r a l  
E n g i n e e r i n g .  4 1 ( 9 ) : 5 8 4 - 5 8 5 .  
Sa i n s b u r y ,  D .  1 9 7 o .  P i g  H o u s i n g .  F a r m i n g P r e s s  L TD , 
Ipsw i c h . 
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S p i l l ma n , C . I< .  a n d  C . N. H i n k l e . 1 9 7 1 . C o nd u c t i o n h e a t  
t r a n s f e r f r om sw i n e  t o  c o nt r o l l �d tempe r a t u r e  f l o o r s . 
TRANSACT IONS of t h e  ASAE 1 4 ( 2 ) : 3 0 1 - 3 0 3 .  
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S t e e l ,  R. G . D .  a nd J . H .  T o r r i e .  1 9 8 0 .  P r i n c i p l e s  a nd 
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H i l l  B ook C ompa ny,  New
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Y o r k ,  NY. 
T e a q u e , H . S . , W . L .  R o l l e r  a n d  A . P .  G r i f o ,  J r . 1 9 6 8 . 
I n f l u e n c e  o f  h i g h  t e m p e r a t u r e  a n d  h u m i d i t y o n  
r ep r od uc t i v e  pe r fo rmance of sw i n e .  Jou r na l  of An i ma l 
Sc i e nc e .  2 7 ( 2 ) : 4 0 8 .  
T u c k e r , W. L .  1 9 8 5 .  P e r s o n a l c o r r e s p o n d e n c e  w i t h  W . L .  
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APP E NDICES 
APPEND IX A :  S t a t i s t i c a l  t e c h n i q u e s u s e d  t o  a n a l y z e t h e  
e f f e c t s o f  t h e s n o u t  s y s t e m s  o n  s o w 
r e s p i r a t i o n r a t e s .  
7 0  
Resp i r a t i on r a te s  we r e  c ompa r e d  among t h e  t h r e e  
t r eatme n t s  a nd r eg r es s i o n  c u r v e s  d ev e l ope d .  Th ree s e pa r at e  
t e s t s we r e  mad e  b a s ed on st a t i s t i c al t ec h n i q u e s  de s c r i b ed 
by Schea f fe r a nd M cC l ave ( 1 9 8 2 ) . 
I n  C a s e  I the r eg r e s s i on c u rv e s  f o r  the r e sp i r a t i o n  
r at e s  of t h e  s nout vent i l a t e d  s ows wa s c ompa r e d  t o  t h a t  o f  
t h e  cont r o l  s ow s . The s ampl e s  o f  t he c on t r o l  g r oup w e r e  
a s s i g�ed a z e r o  a nd t he s ampl e s  of t he snout ve n t i l a t e d  
g r oup w e r e  a s s i g ned a one , r e f e r r ed -- t o  a s  a dummy va r i a b l e ,  
i n  o r d e r t o  d i s t i ngh i sh b e tw e e n  the two g r oups . T h e  two 
popu l at i on s  w e r e  t h e n  comb i ne d  and a m u l t i pl e  r eg r e s s i on 
a na ly s i s  pe r f o rmed w i t hout t h e  d ummy va r i abl e .  The 
equat i o n  for the r educed mode l  a nd the s um of squa r ed 
e r r o r s ( SSE 1 ) w a s  obta i ned . 
The m u l t i pl e  r e g r e s s i on a na ly s i s  wa s then r epe a t e d  
w i th t h e  d ummy va r i ab l e ,  wh i c h  r e s u l t e d  i n  twi ce t h e  numb e r  
o f  beta  pa r am e te r s . The equa t i on f o r  the f u l l  mod e l  a nd 
t h e  c o r r e spond i ng s um of squa r e d  � r r o r s  ( SSE 2 ) wa s t he n  
obt a i ned . Ne x t , a n  F v a l u e  wa s c a l c u l a t e d  by the ·f o l l ow i ng 
equat i o n  whe r e  N equal s popu l a t i on s i z e .  
F �- ( (  SSE1 - SSE2 ) I 3 ) 1 . ( SSE2 I N - 6 
The n u l l hypothe s i s  i s  t ha t  al l of t h e  b e t a  
pa r ame te r s  w h i ch c o r r e spond w i t h  t h e _ d ummy va r iabl e  a r e  
equal t o  z e r o  w i t h  t h e  al t e rna t e  hypothe s i s  b e i ng t h a t  a t  
l e a s t  o n e  o f  t h e  b e t a  pa r a m e t e r s  u n d e r  t e s t  i s  n on z e r o . 
7 1  
The p r e c ee d i ng p r oced u r e  was c o nd u ct e d  s im i l a r l y f o r  e a c h 
o f  t h e  o t h e r t w o  c om pa r i s o n s ,  s n o u t  c o o l e d  c om pa r e d  t o  
cont r o l  a nd s n o ut v ent i l a ted c ompa r ed t o  s nout c o o l e d .  
C a s e  1 .  Snout Vent i l at e d  S ows c ompa r ed t o  C ont r o l  S ow s  
Red u c ed M od e l : 
E ( Y ) * = - 1 0 1 3  + 6 3 . l * ( TH I )  - 0 . 8 5 * ( TH I 2 ) 
S S E1 = 1 4 2 , 4 4 1  R2 = 0 . 4 7 
N = 1 7 8 
F u l l  Mod e l : 
E ( Y ) * = - 1 0 3 6  + 6 4 . 3 * ( TH I )  - 0 . 8 6 * ( TH I2 ) 
+ 3 4 5 *X - 2 3 . 0 * X * ( TH I )  + 0 . 3 6 * X * ( TH I 2 ) 
whe r e : X = 1 ;  i f  s nout v ent i l ated s ow 
= 0 ;  i f  cont r ol s ow 
SSE2 = 1 27 , 3 0 0  
Te st S t at i s t i c : · 
F = ( (  1 4 2 , 4 4 1 - 1 27 , 3 0 0 ) /  3 ) / ( ( 1 27 , 3 0 0 / (  1 7 8 - 6 ) )  
= 6 . 8 2 
3 F = 6 . 8 2 > F
1 7 2
( 0 . 0 l )  
The r ef o r e , t h e  r eg r es s i on c u rve f or the r es p i r a t i o n  r at e s  
o f  the snout v en t i l at e d  s ow s  i s  s i g n i f i ca nt ly d i f f e r en t  
t han that . of  t he c ont r ol s ows a t  t h e  0 . 0 1 l eve l .· 
* E ( Y )  r ep r e sent s the e x pe ct e d  val ue of  the r es p i r a t i on 
r a t e s  f o r  the s ows . 
Case  2 .  Snout Cool ed S ows c ompa r e d  t o  C on t r o l  S ows 
Red u c e d  Mod e l : 
E ( Y ) * = - 8 8  - 1 . 4 * ( TH I )  + 0 . 2 6 * ( TH I 2 ) 
F u l l  Model : 
SSE1 = 2 0 1 , 2 4 4  
N = 2 0 2  
R2 = 0 . 4 1 
7 2  
E ( Y ) * = - 1 0 3 6 + 6 4 . 3 * ( TH I )  - 0 . 8 6 ( TH I2 ) 
+ 2 , 1 9 7 *X - 1 5 2 . 4 *X * ( TH I ) + 2 . 5 9 *X * ( TH I 2 ) 
whe r e : X = 1 ;  i f  s nout c o o l ed s ow 
= 0 ;  i f  cont r ol � ow 
SSE2 = 1 4 8 , 4 3 8  R
2 = 0 . 5 7  
Test Sta t i s t i c : 
F = ( (  2 0 1 , 2 4 4 - 1 4 8 , 4 3 8  ) /  3 ) / ( 1 4 8 , 4 3 8  / (  2 0 2 - 6 ) )  
= 2 3 . 2 4 
3 
F = 2 3 . 2 4 > F
1 9 6
( 0 . 0 l )  
The r e f o r e ,  t h e  r eg r e s s i on c u rv e  f o r  the r e spi r a t i on r at e s  
of t h e  snout cool ed s ows i s  s ig n i f i cant ly d i f fe r ent · than 
t ha t  of the cont r ol s ows a t  t he 0 . 0 1 l ev e l . 
* E { Y )  r ep r e s e nt s the e xpe cted v a l u e  o f  t h e  r e s p i r a t i o n  
r at e s  of t h e  s ows . 
7 3  
Case  3 .  Snout Ve n t i l a t e d  S ows c ompa r ed t o  S n o ut C o o l e d  
Sows 
Reduced Mode l : 
E ( Y ) * = 2 6 0 - 2 5 . 3 * ( TH I ) + 0 . 6 5 * ( TH I 2 ) 
S S E1 = 1 1 4 , 1 9 0  R
2 = 0 . 4 5  
N = 1 4 8  
F u l l  Mode l : 
E ( Y ) * = - 6 9 0  + 4 1 . 3 * ( TH I )  - 0 . 5 0 * ( TH I 2 ) 
+ 1 8 5 2 *X - 1 2 9 . 4 *X * ( TH I )  + 2 . 2 4 *X * ( TH I 2 ) 
whe r e : X = 1 ;  i f  snout c eoled s ow 
= 0 ;  i f  snout vent i l a t e d  s ow 
SSE 2 = 1 0 6 , 7 8 9 R
2 = 0 . 4 8  
Te s t  St at i s t i c : 
F = ( (  1 1 4 , 1 9 0 - 1 0 6 , 7 8 9 ) /  3 ) / ( 1 0 6 , 7 8 9 / (  1 4 8 - 6 ) )  
= 3 . 2 8 
3 
F = 3 . 2 8 > F 1 4 2
( 0 . 0 5 )  
The r e f o r e , the r e g r e s s i on c u rve f o r  the r e sp i r a t i on r at e s  
of the snout cool ed s ows i s  s i g n i f i cant l y  d i f fe r e nt t ha n  
t hat o f  the p n o u t  v e nt i l at e d  s ows a t  t he 0 . 0 5 l ev e l . 
* E ( Y )  r epr e se nt s  the  e x p e c t e d  val ue of t h e  r es p i r a t i o n  
r a t e s  o f  the s ow s . 
Appe nd i x  B :  S ow Respi r a t i o n Rat e s  a nd C o r r e s pond i ng Room 
T empe r a t u r e s  
( 1 )  : 
Tab l e  B . l .  Re sp i r a t ion r a t e s  of c ont r o l  s ow s  and 
c o r r e s pond i ng r oom t empe r at u r e s  
Resp .  Tdb 
Ra t e  
1 7 0 
1 4 6  
1 0 2 
1 5 0  
1 5 4  
1 2 4  
1 4 0  
1 1 4  
1 3 0  
1 5 0  
1 3 6  
1 1 0  
1 3 0 
1 5 0  
1 7 4 
8 6  
1 7 0 
1 5 0  
17 0 
1 4  
1 0 0 
8 4  
1 2 4  
1 1 2 · 
1 5 4  
6 6  
7 8  
4 0  
8 0  
1 2 8 
1 3 0 
1 1 4  
5 8  
7 0  
82 
9 1 . 0  
9 3 . 0  
9 3 . 0  
9 3 . 0  
9 3 . 0  
9 0 . 5  
9 1 . 0  
9 1 . 0  
9 1 . 0  
9 1 . 0  
92 . 0  
8 5 . 0  
8 8 . 5  
9 2 . 5  
94 . 0  
8 4 . 0  
8 7 . 0  
9 0 . 0  
9 2 . 0  
8 3 . 0  
8 7 . 0  
8 2 . 5  
8 6 . 0  
8 8 . 0  
9 2 . 0  
8 1 . 0  
8 8 . 0  
8 7 . 0  
8 0 . 0  
8 5 . 0  
8 8 . 0  
8 3 . 5  
83 . 5  
8 4 . 0  
8 6 . 0  
Twb 
8 0 . 5  
8 1 . 0  
8 1 . 0  
81 . 0  
8 1 . 0  
7 9 . 5  
8 0 . 0  
8 0 . 0  
8 0 . 0  
8 0 . 0  
8 0 . 5  
7 5 . 7  
7 8 . 0  
8 0 . 5  
7 9 . 5  
7 5 . 0  
7 7 . 5  
8 0 . 5  
8 0 . 5  
7 6 . 0  
7 8 . 0  
7 6 . 0  
7 8 . 0  
7 7 . 5  
7 6 . 5  
7 3 . 5  
7 5 . 5  
7 6 . 5  
7 3 . 0  
7 4 . 0  
7 4 . 5  
7 6 . 0  
7 6 . 0  
7 5 . 0  
7 3 . 5  
Re s p .  Tdb 
Ra te 
1 2 5  
1 5 0  
1 2 0  
1 4 0  
1 8 0 
9 0  
1 1 0  
1 6 0 
1 0 4  
1 2 0  
1 0 0  
1 3 0 
1 2 0  
1 4 0  
1 5 0  
9 0  
1 1 0  
1 4 0  
2 0 0 
2 6  
1 1 6  
1 4 2  
1 2 0  
1 6 0  
1 3 6  
5 8  
52 
7 2  
4 6  
1 2 2  
1 2 0 
9 2  
8 �  
1 2 6  
4 8  
9 1 . 0  
9 3 . 0  
9 3 . 0  
9 3 . 0  
9 3 . 0  
9 0 . 5  
9 1 . 0  
9 1 . 0  
9 1 . 0  
9 1 . 0  
9 2 . 0  
8 5 . 0  
8 8 . 5  
9 2 . 5  
9 4 . 0  
8 4 . 0  
8 7 . 0  
9 0 . 0  
9 2 . 0  
8 3 . 0  
8 7 . 0  
8 2 . 5  
8 6 . 0  
8 8 . 0  
9 2 . 0  
8 1 . 0  
8 8 . 0  
8 7 . 0  
8 0 . 0  
8 5 . 0  
8 3 . 5  
8 3 . 5  
8 4 . 0  
8 6 . 0  
8 2.· . 0 
Twb 
8 0 . 5  
8 1 . 0  
8 1 . 0  
8 1 . 0  
8 1 . 0  
7 9 . 5  
8 0 . 0  
8 0 . 0  
8 0 . 0  
8 0 . 0  
8 0 . 5  
7 5 . 7  
7 8 . 0  
8 0 . 5  
7 9 . 5  
7 5 . 0  
7 7 . 5  
8 0 . 5  
8 0 . 5  
7 6 . 0  
7 8 . 0  
7 6 . 0  
7 8 . 0  
7 7 . 5  
7 6 . 5  
7 3 . 5  
7 5 . 5  
7 6 . 5  
7 3 . 0  
7 4 . 0  
7 6 . 0  
7 6 . 0  
7 5 . 0  
7 3 . 5  
7 2 . 0  . 
( 1 )  
Re s p i r a t i o n  r a t e s  a r e  i n  b r e a t h s  pe r m i n u t e  
a nd tempe r a t u r e s  a r e  i n  deg r ee s  f a h r e nhe i t .  
7 5  
7 6  
Tab l e  B . l .  c on t i nued 
Re s p .  Tdb Twb Res p .  Tdb Twb 
Rate Rate ( 1 ) 
5 8  8 2 . 0 7 2 . 0  5 2  8 3 . 0  7 2 . 5  
8 2  8 3 . 0  7 2 . 5  5 8  8 5 . 0  7 3 . 5  
8 0  8 5 . 0  7 3 . 5  8 8  8 6 . 0  7 3 . 5  
7 4  8 6 . 0  7 3 . 5  1 0 0  8 6 . 0  7 3 . 5  
1 0 0  8 6 . 0  7 3 . 5  1 1 6  8 8 . 0  7 3 . 0  
1 0 4  8 8 . 0  7 3 . 0  1 2 0  8 8 . 0  7 4 . 0  
1 4 0  8 8 . 0  7 4 . 0  1 0 4  8 8 . 5  7 3 . 5  
1 3 2  8 8 . 5  7 3 . 5  6 0  8 1 . 0  7 1 . 0  
4 8  8 1 . 5  7 1 . 0  4 0  8 2 . 0  7 1 . 0  
5 0  8 2 . 0  7 1 . 0  6 8  8 3 . 0  7 2 . 5  
1 0 6 8 3 . 0 7 2 . 5  9 6  8 4 . 5  7 2 . 0  
7 2  8 4 . 5  7 2 . 0  7 2  85 . 0  7 2 . 5  
1 1 6  8 5 . 0 7 2 . 5  6 0  8 7 . 0  7 2 . 5  
1 2 0  8 7 . 0  7 2 . 5  9 0  8 6 . 0  7 3 . 0  
1 4 0  8 6 . 0 7 3 . 0  8 6  8 7 . 0  7 3 . 0  
1 2 0  8 7 . 0  7 3 . 0  1 4 0  8 8 . 0  7 4 . 5  
7 2  8 1 . 5  7 5 . 5  9 2  8 1 . 5  7 5 . 5  
7 0  81 . 5  7 6 . 0  9 6  8 1 . 5  7 6 . 0  
8 4  8 1 . 5 7 5 . 5  3 4  8 1 . 5  7 5 . 5  
1 6 0  82 . 0  7 6 . 0  2 0  82 . 0  7 6 . 0  
5 8  8 3 . 5  7 1 . 0  3 8  8 3 . 5  7 1 . 0  
9 4  8 5 . 0  7 2 . 0  6 0  85 . 0  7 2 . 0  
9 0  85 . 2  7 2 . 5  6 6  8 5 . 2  7 2 . 5  
( 1 )  : Re s p i r a t i o n r a t e s  a r e  i n  b r e a t h s  p e r m i n u t e  
and tempe r a t u r e s a r e i n  d eg r e e s  fah r enhe i t .  
Tab l e  B . 2 .  Re sp i r a t i on r a t e s  of snout  v e n t i l a te d  s ow s  
and c o r r e spond i ng r o om t empe r a t u r e s  
Re sp . Tdb 
Ra t e  
9 2  
1 4 0  
1 3 0  
9 0  
1 1 6  
6 2  
6 2  
1 6 0  
1 5 2  
7 0  
1 2 4  
1 1 2  
1 4 0 
1 3 4  
8 2  
5 6  
7 0  
3 2  
7 2  
1 0 0  
4 4  
1 1 2  
1 2 4  
1 9  
4 8' 
6 0  
2 8  
3 8  
7 6  
6 6  
9 0  
9 1 . 5  
9 2 . 0  
9 2 . 0  
9 2 . 0  
9 2 . 0  
8 5 . 0  
8 9 . 0  
9 2 . 5  
9 3 . 0  
8 4 . 0  
8 6 . 0  
8 8 . 0  
9 4 . 5  
9 3 . 0  
8 5 . 0  
8 1 . 0  
8 3 . 0  
8 3 . 0  
8 5 . 0  
8 6 . 0  
8 7 . 0  
8 7 . 0  
8 8 . 0  
· a o . o  
8 6 . 0  
8 8 . 8  
8 1 . 0  
81 . 5  
8 3 . 8  
8 5 . 0  
8 6 . 0  
Twb 
7 9 . 5  
8 0 . 0  
8 0 . 0  
8 0 . 0  
8 0 . 0  
7 5 . 0  
7 9 . 0  
8 1 . 0  
8 0 . 0  
7 6 . 0  
7 7 . 5  
7 7 . 0  
7 6 . 5  
7 9 . 5  
7 4 . 5 
7 1 . 0  
7 2 . 0  
7 2 . 0  
7 2 . 0  
7 1 . 5  
7 2 . 0  
7 1 . 5  
7 2 . 5  
7 2 . 3  
7 4 . 0  
7 4 . 5  
7 5 . 0  
7 6 . 0  
7 0 . 7  
7 2 . 5  
7 2 . 5  
Re s p . Tdb 
Ra t e  
7 0  
9 0  
1 0 0  
6 6  
1 0 4  
1 2 4  
1 1 0  
1 4 0  
3. 4  
8 2  
6 4  
1 6 0  
1 4 0  
9 0  
8 2  
5 8  
5 4  
5 0  
2 4  
9 2  
6 6  
1 2 4  
1 1 0  
1 5  
7 8  
9 0  
1 .0 0  
1 1 0 
5 0  
7 8  
9 2  
9 1 . 5  
9 2 . 0  
9 2 . 0  
9 2 . 0  
8 5 . 0  . 
8 9 . 0  
9 2 . 5 
9 3 . 0  
8 4 . 0  
8 6 . 0  
8 8 . 0  
9 4 . 5  
9 2 . 0  
9 3 . 0  
8 5 . 0  
8 1 . 0  
8 4 . 0  
8 4 . 0  
85 . 0  
8 6 . 0  
87 . 0  
8 7 . 0  
8 8 . 0  
8 0 . 0  
8 6 . 0  
8 8 . 8  
8 1 . 0  
8 1 . 5  
8 3 . 8  
8 5 . 0  
8 6 . 0  
Twb 
7 9 . 5  
80 . 0  
8 0 . 0  
80 . 0  
7 5 . 0  
7 9 . 0  
8 1 . 0  
8 0 . 0  
7 6 . 0  
7 7 . 5  
7 7 . 0  
7 6 . 5  
8 0 . 0  
7 9 . 5  
7 4 . 5  
7 1 . 0  
7 2 . 0  
7 2 . 0  
7 2 . 0  
7 1 . 5  
7 2 . 0  
7 1 . 5  
7 2 . 5  
7 2 . 3  
7 4 . 0  
7 4 . 5  
7 5 . 0  
7 6 . 0  
7 0  . ·7 
7 2  . 5· 
7 2 . 5  
( 1 )  
( 1 ) : R � s p i r a t i o n  r a t e s  a r e  i n  b r e a t h s pe r m i n u t e  
and temp e r a t u r e s  a r e  i n  deg r e e s  f a h r e nh e i t .  
7 7  
7 8  
Tabl e B . 3 .  Re s p i r a t i on r a t e s  of snout  cooled s ows 
and c o r r e spond i ng r o om t empe r a t u r e s  
Re s p . Td b Twb Resp . Td b Twb 
Ra te Ra t e  ( 1 )  
9 6  9 1 . 0  7 9 . 0  9 6  9 1 . 0  7 9 . 0  
3 6  9 1 . 0  7 9 . 0  1 0 4  9 1 . 0  7 9 . 0  
1 2 6 9 1 . 0  7 9 . 0  1 4 0  9 1 . 0  7 9 . 0  
1 0 0 9 1 . 0  7 9 . 0  8 0  9 1 . 0  7 9 . 0  
1 1 6  9 0 . 0  7 9 . 5  9 2  9 0 . 0 · 7 9 . 5  
1 4 4  9 2 . 0  8 0 . 0  8 6  9 2 . 0  8 0 . 0  
9 6  9 2 . 0  8 1 . 0  1 4 0  9 2 . 0  8 1 . 0  
9 4  9 2 . 0  8 0 . 0  1 1 0 9 2 . 0  8 0 . 0  
9 6  9 2 . 0  8 0 . 0  1 4 4  9 2 . 0  8 0 . 0  
9 0  9 2 . 0  8 0 . 0  18 0 9 2 . 0  8 0 . 0  
7 4  8 5 . 5  7 6 . 0  5 4  8 5 . 5  7 6 . 0  
9 6  9 0 . 0  7 9 . 5  6 2  9 0 . 0  7 9 . 5  
9 2  9 0 . 0  7 8 . 0  7 0  9 0 . 0  7 8 . 0  
1 4  8 1 . 5  7 5 . 5 1 4  8 1 . 5  7 5 . 5  
3 2  85 . 5  7 7 . 0  85 8 7 . 5  7 7 . 5  
1 6  8 5 . 5  7 7 . 0  6 4  8 7 . 5  7 7 . 5  
1 1 6  9 2 . 5  7 7 . 0  7 0  9 2 . 5  7 7 . 0  
4 6  8 8 . 0  7 7 . 0  7 6  8 8 . 0  7 7 . 0  
1 1 4  9 3 . 0  7 7 . 0  1 5 5  9 3 . 0  7 7 . 0  
52  8 4 . 8  7 4 . 0  4 0  8 4 . 8  7 4 . 0  
1 0 4 8 6 . 0  7 5 . 0  4 9  8 6 . 0  7 5 . 0  
8 6  8 4 . 0  7 4 . 5  6 3  8 4 . 0  7 4 . 5  
8 8  8 3 . 5  7 4 . 5  9 0  8 3 . 5  7 4 . 5  
4 .4 8 3 . 5  7 4 . 5  5 6  8 3 . 5  7 4 . 5  
8 4' 82 . 0  7 4 . 0  1 4 0  85 . 0  7 3 . 0  
1 5 0  8 5 . 0  7 3 . 0  2 2  8 5 . 0  7 3 . 0  
2 7  8 5 . 0  7 3 . 0  3 0  81 . 0  7 3 . 0  
4 4  8 1 . 0  7 3 . 0  1 8  8 3 . 0  7 1 . 5  
3 4  83 . 0  7 1 . 5  3 0  8 5 . 0  7 2 .- 0 
1 4  8 5 . 0  7 2 . 0  5 0  8 5 . 0  7 2 . 5  
3 2  85 . 0  7 2 . 5  5 0  8 6 . 0  7 2 . 5  
3 6  8 6 . 0  7 2 . 5  8 0  8 7 . 0  7 3 . 0  
5 0  87 . 0  7 3 . 0  5 6  8 7 . 0  7 2 . 5  
82 8 7 . 0  7 2 . 5  7 0  8 7 . 5  7 2 . 0  
6 4  8 7 . 5  7 2 . 0  5 6  8 4 . 0  . 7 5 . 5  
{ 1 )  : R e s p i r a t i o n r a t e s  a r e  i n  b r e a t h s  pe r m i n u t e  
a nd t empe r a t u r e s  a r e  i n  d eg r e e s  f a h r e nhe i t . 
7 9  
Tabl e B . 3 . c ont i nu ed 
Re s p .  Tdb Twb Re s p .  Tdb Twb 
Ra te Ra t e  ( 1 ) 
8 0  8 3 . 0  7 5 . 5  5 0  8 1 . 0  7 4 . 5  
6 8  8 0 . 5  7 5 . 0  2 2  8 0 . 5  7 5 . 0  
6 0  8 2 . 8  7 0 . 2 3 2  82 . 8  7 0 . 2  
3 8  8 4 . 5  7 1 . 5  6 6  8 4 . 5  7 1 . 5  
6 0  8 5 . 5  7 2 . 5  5 6  8 5 . 5  7 2 . 5  
3 8  8 4 . 0  7 0 . 2  4 4  8 4 . 0  7 0 . 2  
7 2  8 5 . 0  7 2 . 0  4 8  8 5 . 0  7 2 . 0  
7 8  8 6 . 0  7 2 . 5  2 6  8 6 . 0  7 2 . 5  
( 1 )  : R e s p i r a t i o n  r a t e s  a r e  i n  b r e a t h s  pe r m i n u t e  
a nd tempe r at u r e s  a r e  i n  deg r ee s  f a h r e nh e i t .  
APPEND IX C :  E l ect r i cal Usa ge D a t a  f o r  Compr e s s o r  U n i t  
Tab l e  C . l .  E l ect r i c a l  u sage of the c ompr e s s o r  u n i t  
f o r  t he Summe r of 1 9 8 3  
Date 
Hou r s  of I K i l owa t t  
Ope r a t i on I Hou r s  
I 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
7 / 2 9 / 8 3  
7/3 0/ 8 3  
7 / 3 1 / 8 3  
8/ 0 1/ 8 3  
8 / 0 2 / 8 3  
8/0 3/ 8 3  
8 / 0 4 / 8 3  
8/0 5 / 8 3 
8 / 06/ 8 3  
8/ 0 7/ 8 3  
8 / 0 8 / 8 3  
8/0 9/ 8 3  
8 / 1 0/ 8 3  
8/1 1/ 8 3  
8/1 2 / 8 3  
8/ 1 3/ 8 3 
8 / 1 4 / 8 3  
8/1 5/ 8 3  
8/1 6/ 8 3  
8/ 1 7/ 8 3  
8/ 1 8/ 8 3  
8/1 9/ 8 3  
8/2 0/ 8 3  
8/2 1/ 8 3  
. 8/ 2 2/ 8 3  
8/2 3 / 8 3  
8 / 2 4 / 8 3  
8/2 5/ 8 3  
8/2 6/ 83  
8/ 2 7/ 8 3  
8/2 8/ 83 
8/2 9/ 8 3 
8 / 3 0/ 8 3  
8/ 3 1/ 8 3  
9 / 0 1 / 8 3 
9/ 0 2/ 8 3  . 
9 / 0 3/ 8 3  
9/ 0 4 / 8 3 
9 / 0 5 / 8 3  
9 / 0 6/ 8 3 
9 / 07 / 8 3  
9/ 0 8/ 8 3  
2 1 . 0  
1 5 . 9  
1 2 . 8  
1 6 . 0  
1 7 . 8  
2 4 . 0  
1 9 . 1  
2 4 . 0  
2 2 . 1  
1 7 . 1  
1 7 . 5  
1 5 � 1  
2 2 . 3  
1 0 . 0  
1 4 . 2  
1 2 . 0  
1 5 . 3  
2 4 . 0  
2 4 . 0  
1 8 . 3  , 
1 5 . 6  
2 1 . 8  
1 5 . 3  
1 6 . 1  
1 4 . 2  
2 4 . 0  
2 3 . 9  
2 4 . 0  
9 . 0 
1 8 . 3  
1 7 . 9  
9 . 5 
1 3 . 3  
1 1 . 8  
1 4 . 8  
1 5 . 7  
0 . 6 
0 . 0  
o . o  
o .  0 
3 . 4 











4 0 . 0  
2 8 . 4  
2 3 . 8  
2 9 . 2  
. 3 7 . 3  
4 7 . 9  
3 8 . 7  
4 6 . 2  
4 2 . 0  
3 3 . 8  
3 4 . 6  
2 9 . 8  
4 3 . 8  
1 8 . 3  
2 6 . 9  
2 3 . 2  
2 8 . 7  
4 8 . 1  
4 8 . 0  
3 5 . 5  
3 5 . 7  
4 3 . 3  
3 0 . 3  
3 2 . 9  
2 6 . 1  
4 4 . 3  
4 4 . 8  
47 . 8  
1 6 . 7  
3 4 . 5  
3 7 . 1  
17 . 2  
2 5 . 5  
2 2 . 4  
3 1 . 4  
3 3  .:o 
1 . 0 
0 . 0  
0 . 0  
o . o  
7 . 3 
o . o  
8 1  
Tab l e  C . l . c on t i n ue d  
H ou r s  of I K i l owa tt 
Date  Ope r a t i on I Hou r s  
I 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
9/0 9/ 8 3 
9 / 1 0/ 8 3 
9/ 1 1/ 8 3  
9 / 1 2/ 8 3  
9/ 1 3/ 8 3  
9 / 1 4 / 8 3  
9/ 1 5/ 8 3 
9 /16/ 83  
9/ 1 7 / 8 3 
9/ 1 8/ 8 3 
9/ 1 9/ 8 3 
9/ 2 0/ 8 3  
9/2 1/ 8 3 
9 / 2 2/ 8 3  
9/ 2 3/ 8 3  
9 / 2 4 / 83 
9/2 5/ 8 3 
9/ 2 6/ 83  
9/ 2 7/ 8 3  
0 . 0  
2 . 6 
8 . 2 
o . o 
0 . 0  
2 . 6 
0 . 0  
0 . 0 
7 . 2 
o . o 
0 . 0 
0 � 0 
0 . 0 
o . o 
0 . 0  
o . o 
7 . 5 
8 . 1 
1 3 . 6  
I 
I o . o  
I 4 . 1  
I 1 3 . 6  
I o . o  
I o . o  
I 4 . 2 
I o . o  
I o . o  
I 1 4 . 9  
� o . o  
I o . o  
I o . o  
I o . o  
I o . o  
I o . o  
I o . o  
I 1 5 . 5  
I 1 7 . 7  
I 2 9 . 1  
8 2  
8 3  
Tab l e  C . 2 . E l e c t r i c a l  u sa g e  o f  the c omp r e s s o r  u n i t  
f o r  t he s umme r of 1 9 8 4  
Hou r s  of I K i l owatt 
Date Ope r a t i on I Hou r s  
I 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
6/ 0 6/ 84 1 7 . 1  2 4 . 7  
6/ 0 7 / 8 4 4 . 2  6 . 0  
6/ 0 8/ 8 4  7 . 1 1 0 . 3  
6/ 0 9/ 8 4 2 . 0  2 . 7 
6/1 0/ 8 4 0 . 0  o . o 
6/1 1/ 8 4  o . o  o . o  
6/1 2/ 8 4  1 2 . 4  1 8 . 3  
6/1 3/ 8 4  9 . 6 1 3 . 6  
6/ 1 4 / 8 4  0 . 0 o . o 
6/ 1 5/ 8 4  1 6 . 9  2 3 . 3  
6/ 1 6/ 84 2 3 - 2  3 1 . 6  
6/1 7 / 8 4  2 4 . 0  3 2 . 2  
6/ 1 8/ 8 4  2 0 . 3  2 7 . 7  
6/1 9/8 4 8 . 6 1 1 . 7  
6/ 2 0/ 8 4  1 3 . 7  1 9 . 2  
6/2 1/ 8 4  1 3 . 4  1 6 . 9  
6/ 2 2/ 8 4  1 8 . 1  2 4 . 7  
6/ 2 3/ 8 4 1 6 . 6  2 2 . 0  
6/ 2 4 / 8 4 1 6 . 0  2 1 . 8  
6/2 5/ 8 4  1 9 . 0  2 6 . 9  
6/ 2 6 / 8 4  2 2 . 5  3 2 . 5  
6/ 2 7/ 8 4 8 . 6  1 2 . 6  
6/ 2 8/ 8 4  1 5 . 0  2 1 . 8  
6/2 9/8 4 1 9 . 0  2 5 . 8  
6/3 0/ 8 4 1 6 . 7  2 2 . 7  
7/ 0 1/ 8 4 1 5 . 9  2 1 . 3  
7/ 0 2/ 8 4  1 7 . 1  2 6 . 8  
7/ 0 3/ 8 4 2 4 . 0  3 4 . 7  
7/ 0 4/ 8 4  1 1 . 9  1 6 . 8  
7/0 5/8 4 5 . 8  8 . 5  
7/ 0 6 / 8 4  2 . 1 2 . 7 
7/ 07 / 8 4 1 2 . 6  1 6 . 9  
7 / 0 8 / 8 4  1 4 . 9  2 0 . 9  
7/ 0 9/ 8 4  2 4 . 0  3 6 . 1  
7/1 0/ 84  2 0 . 5  27 . 0  
7/1 1/8 4 1 8 . 0  2 5 � 6  
7/1 2/ 8 4  2 1 . 3  3 2 . 7  
7/1 3/ 8 4  2 4 . 0  3 6 . 1  
7/ 1 4 / 8 4  1 8 . 9  2 5 . 7  
. 7/1 5/ 8 4  1 6 . 0  2 2 . 5  
7/ 1 6/ 8 4  1 5 . 5  2 2 . 6  
7/17/ 8 4 1 1 . 9  1 6 . 6  
Tab l e  C . 2 .  c ont i n u e d  
Hou r s  of  I K i l owa t t  
D a t e  Ope r a t i on I Hou r s  
I 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
7/ 1 8/ 8 4 
7 / 1 9 / 8 4 
7/2 0/ 8 4  
7 / 2 1/ 8 4  
7/2 2/ 8 4 
7 / 2 3 / 8 4  
7 /2 4/ 8 4  
7 / 2 5 / 8 4  
7 / 2 6/ 8 4  
7 / 2 7 / 8 4 
7/2 8/ 8 4  
7/ 2 9/ 8 4  
1 5 . 7  
1 8 . 4  
1 6 . 3  
2 4 . 0  
2 4 . 0  
2 4 . 0  
1 7 . 7  
1 8 . 5  
1 4 . 3  
1 3 . 3  
1 4 . 0  
1 6 ,. 2 
2 2 . 8  
2 5 . 0  
2 4 . 7  
3 5 . 5  
3 8 . 6  
3 4 . 0  
2 4 . 1  
2 5 . 4  
1 9 . 3  
1 8 . 9  
1 9 . 0  
2 2 . 5  
8 4  
Tab l e  C . 3 . Summa r i z e d  Na t i on a l  Wea t he r  Se rv i ce c l i ma t i c  
t em pe r a t u r e  data f o r  S i oux F al l s ,  S ou t h 
D a k ot a  f o r  t h e  months c o r r e sp ond i ng 
t o  e l ec t r i ca l  u sage d a t a  
Ave r ag e  
D a i ly 
H i g h s  
Ave r ag e  
Da i ly 
L ows 
Mont h ly 
Ave r ag e  
( 1 ) 
= � = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
Au g u s t , 1 9 8 3  9 0 . 9  6 5 . 7  7 8 . 3  
Sept embe r ,  1 9 8 3  7 6 . 8  5 0 . 1  6 3 . 5  
J u n e , 1 9 8 4  7 8 . 8  5 7 . 3  6 8 . 1  
J u l y , 1 9 8 4  8 5 . 0  _6 2  . 1  7 3 . 6  
Au g u st , 1 9 8 4  8 6 . 0  6 2 . 4  7 4 . 2  
( 1 )  : Al l tempe r a t u r e  v a l u e s  a r e  i n  deg r ee s  f a h r e nh e i t .  
8 5  
APPEND I X  D :  S ow a nd L it t e r  Pe r f o rma nce Da t a  
, ' 
Ta b l e 0 . 1 .  Sow a n d  l i tter  data  
Def i n i t i o n  of  symbol s 
• • • • • • • • • • • • • • • • • • • • • • • • •  
T • t r ea tme nt ( 0 for  snout c o o l ed , 1 f o r  snout vent l i l ated , 2 f o r  cont r ol ) 
Y = yea r ( 1 f o r  1 9 82 , 2 f o r  1 9 8 3 , 3 f o r  1 9 84 ) 
SN. • s ow numb e r  S F D  = fa r r ow i ng date  ( 2 )  
SFW • sow fa r r ow i ng weight ( lbs . ) SWD = wea n i ng date  ( 2 ) 
SWW • s ow wean i ng we ight ( l bs . ) SED £ sow est r u s  d a t e  ( 2 )  
STF • s ow total feed ( lbs . ) PF = numb e r  of pi g l e t s  wei ghed a t  f a r r oww ing 
LTFW c l i t t e r  wei ght a t  fa r r ow i ng ( lbs . ) PGD7 = numb e r  of p i g l e t s  w e i g hed a t  day seve n  
LWD7 • l i t te r w e i g ht at d a y  seven ( lbs . )  PW = numb e r  o f  p i g l e t s  w e i ghed a t  wea n i ng 
LWW • l i t t e r  w e i g ht at wea n i ng ( lbs . )  DL = numbe r o f  p ig l et s  w h i c h  d i e d  du r ing l a c t a t i on 
LN • how many l i t t e r s  sow ha s f a r r owed inc l ud ing pr esent l i t t e r 
AOT = a v e r age o u t s ide d ry bu l b  t empe r a t u r e  du r i ng l a c t a t i on ( deg r e e s  C )  
AVOTH I  • a v e r age out s ide tempe r a t u r e- humi d i ty i ndex du r i ng l act a t i o n ,  0 . 7 5 *Tdb + 0 . 2 5 *Twb ( d eg r e e s  C )  
N l  • number  o f  days of  l ac t a t i on w i t h  ave r age da i ly out s ide tempe r a t u r e  a t  o r  above 2 1  d eg rees  C 
N2 = number  of d ay s  of l ac t a t i o n  w i t h  ave rage d a i l y  o u t s i d e  tempe r a t u r e  a t  o r  above 2 4  d eg r ees  C 
N3 • n umbe r  of days of l ac t a t ion w i t h ave r age d a i l y  outs ide tempe r a t u r e  a t  o r  above 27 d eg r ees  C 
I . I I I LT I PG I LW I I I D I I I AVO I I 
T I Y I SN I SFD I SFW I SWD I SWW I SED I STF I PF I FW I D7 I D7 I PW I LWW I L I L N  I AOT I TH I I Nl I N2 I N3 
_ l _ l  __ _ l __ l __ l __ l __ l __ l __ l _ l _ l _ l _ l _ l __ l _ l __ l __ l __ l _ l _ l _ 
I I I I I I I I I I I · I I I I 
0 1 47  932  I 4 4 7  I 9 5 0  4 0 9  I 9 5 5  I 2 6 2  I 16  I 5 5  I 1 2  7 2  I 1 2  I 1 4 6  I • I I 2 3 . 9  2 2 . 6  I 1 5  I 9 I 3 
0 1 24  926  I 4 5 7  I 9 5 0  4 1 8 9 5 5  I 3 1 2  I 1 1  I 34 I p 50 I 1 1  I 1 3 3  I • I . I 2 3 . 5  2 2 . 2  I 1 9  I 1 2  I 3 
0 1 45  932  I .t 2 3  I 9 5 0  4 2 3  95 5 I 2 5 0  I 1 0  I 3 0  I . 9 4 9  I 9 I 1 1 4  I • I . I 2 3 . 9  2 2 . 6  I 1 5  I 9 I 3 
0 1 7 9  9 5 7  I 3 4 9  I 9 8 5  3 4 6  9 8 9  4 2 9  I 1 3  I 4 3  I 1 0  5 0  9 I 1 2 1  I • I I 2 2 . 4  2 1 . 4  I 2 0  I 1 1  I 3 
0 1 07 9 6 4  I 47 5 I 9 8 5  4 9 3  9 8 9 . 287  I 1 0  I 27 I 7 4 7  7 96 I • I I 2 1 . 6  2 0 . 7  I 1 4  7 I 0 
0 1 4 3  9 5 7  I 4 8 7  · 1 98 5 4 6 6  9 8 9  4 3 8  I 11 I 2 8  I 1 1  5 0  1 0  1 5 7  I • I • ,I 2 2 . 4  2 1 . 4  20  1 1 1 3 
0 1 77 9 3 2  I 504 I 9 5 8  4 7 9  9 6 3  37 8 I 9 I 26 I 1 1  5 0  1 1  1 3 8  I • I I 2 3 . 9  2 2 . 8  2 3  1 4  I 4 
0 1 1 9  . 9 3 7  I 4 0 7  95 8 3 8 3 9 6 2  3 5 5  I 1 2  I 4 0  I 1 1  6 6  1 0  1 4 1  I • I . I 2 3 . 7  2 2 . 8  I 9  1 1 1 2 
0 1 63  935  I 340  9 5 8  327  9 6 4  3 6 6  I 1 5 I 46  I 1 1  6 8  1 1  1 3 8  I • I I 2 3 . 5  2 2 . 5  20  1 1 1 2 
0 1 87 965 I 4 7 5  9 9 I  4 5 0  9 9 6  4 1 9  I I 4  4 4  I 1 0  4 9  9 1 2 7  I • I I 2 0 . 9  2 0 . 0  1 4  6 I 0 
0 I 81 9 6 5  I 3 4 5  9 9 1  3 3 7  9 9 6  3 5 6  I 1 2  3 1  I 1 0  4 9  1 0  1 3 3  I I 2 0 . 9  2 0 . 0  1 4  6 I 0 
0 1 OS  965  I · 4 5 3  9 9 1  4 1 3 9 9 5  3 9 1  I 8 29 I 1 0  6 8  9 1 6 2  I I 20 . 9  2 0 . 0  1 4  6 I 0 
0 1 53 99 4  I 4 1 5  2 2  3 5 0  2 7  3 8 4  I I 2  53 I 1 2  8 8  1 2  2 1 6  I I 1 5 . 4  1 4 . 8  2 2 0 
0 I 86 994 I 3 1 0  2 2  2 8 7  2 7  37 3 I 1 1  4 1  I 11 5 6  1 1  1 5 2  I I 1 5 . 4  1 4 . 8  2 2 0 
0 I I 83  9 9 4  I 346 2 2  27 6 2 7  3 0 9  I 1 1  4 0  I 1 1  66  11  1 8 0  I I 1 5 . 4  1 4 . 8  2 2 0 
0 1 I 3 0  6 I 47  8 2 8  4 6 7  3 2  4 2 0  I 8 29 I 7 4 4  7 1 1 4  I I 1 3 . 0  1 2 . 4  0 0 0 
· 0 1 I 28  1 2  I 517  .2 8  4 80 33 368 I 11  4 3  I 1 1  67 11  1 2 3  I I 1 3  . s  1 2 . 9  0 0 0 
0 1 I 77  998 I 4 8 6 2 8  4 7 0  3 3  4 8 0  I 9 29 I 1 1  6 7  1 1  1 7 1 I I 1 4 . 2  1 3 . 6  1 1 0 
0 1 I I 8  9 3 2  I 4 6 4  9 5 0  4 5 9  95 4 280  I 1 1  36 I 9 55 9 1 1 8  I I 2 3 . 9  2 2 . 6  1 5  9 3 
0 1 I 3 8  9 3 2  I 5 5 7  9 5 0  5 1 7  9 5 5  2 5 6  I 1 1  4 2  I 1 0  5 9  1 0  I 1 2 0  I I 2 3 . 9  2 2 . 6  1 5  I 9 3 
0 1 I 17 9 3 2  I 53 0 9 5 0  5 3 6  I 9 5 5  1 9 6  I 1 0  19  I 1 0  3 3  6 I 5 8  I I 2 3 . 9  2 2 . 6  1 5  I 9 3 
. 0 1 I 46 I 9 5 7  I 4 0 9  9 8 5  3 6 1  I 9 8 9  4 0 4  I 1 1  3 3  I 1 0  5 8  1 0  I 1 7 6  I I 2 2 . 4  2 1 . 4  I 2 0  I 1 1  3 
0 1 I 62 · I 9 5 7  I 4 2 4  9 8 5  3 8 8  I 9 8 9  4 4 6  I 9 I 27 I 1 0  6 3  I 1 0  I 1 5 8  I I 2 2 . 4  21 . 4  I 2 0  I 1 1  3 
0 1 I 53 I 9 3 7  I 4 5 8  9 5 8  I 5 4 9  I 9 6 2  3 4 0  I 1 1  I 35  I 1 0  5 2  I 9 I 1 1 3  I . I 2 3 . 7  2 2 . 8  I 1 9  I 1 1  2 
0 1 I 5 1  I 9 3 5  I 3 3 8  95 8 I 3 2 7  I 9 6 2  3 0 5  I 8 I 26 I 1 1  67 I I I  I 1 4  7 I I 2 3 . 5  2 2 . s I 2 0  I 1 1  2 
( 2 ) : Dat es a r e  based on a t housand day c a l end a r  w i t h Day 9 0 0  = J u ne 1 ,  1 9 8 2 , co 
Day 2 6 5  = J u ne 1 ,  1 9 8 3 , Day 6 3 1  = June 1 ,  1 9 84 -....! 
Ta b l e 0 . 1 . cont i n ued  
I I I I I LT I PG I LW I I I D I I I AVO I I I 
T I Y I SN I FD I SFW I · WD I SWW I SED I STF I PF I FW I D7 I D7 I PW I LWW I L I NL I AOT I TH I I N1 ' I N2 I N3 
_ l _ l  __ l __ l __ l __ l __  l __ l __ l _ l _ l _ l _ l __ l __ l _ l __ l __ . l __ l _ l _ l _  
I I 
o I 1 I 



















. o 1 
o I 1 
o I 1 
2 I 1 
2 I 1 
2 I 1 
2 I 1 
2 I 1 
2 I 1 
2 I 1 
2 I 1 
2 I 1 
2 I 1 
2 I 1 
2 I 1 
2 I 1 
2 I 1 
2 I 1 
2 1- 1 
2 I 1 
· 2 I 1 
2 I 1 
2 I 1 
2 I l I 
2 I 1 I 
2 I 1 I 
2 I 1 I 
2 I 1 I 
2 I 1 I 
I 
2 2  I 9 3 6  3 4 5  
37 I 9 5 7  517  
2 2  1 9 6 4  4 7 8  
49  I 9 6 5  4 7 6  
eo  I 9 6 5  3 1 2  
5 5  I 9 9 8  4 89 
91 I 9 9 4  3 1 2 
31 I 9 9 8  441  
24 I 9 9 8  6 0 0  
94 I 1 7  4 7 2  
9 0  I 9 9 4  3 0 9  
• I 
17 I 9 0 5  
29  I 9 0 7  
60 I 9 0 1  
1 2  I 9 0 1  
60 
.
I 9 0 5 
65 I 9 0 5  
3 8  I 9.0 5  
3 9  I 9 0 5  
87 I 9 0 5  
3 8  I 9 0 1  I 
34 9 0 1  
7 6  9 2 6  4 3 8  
7 6  9 2 5  5 0 5  
14  9 2 4  5 1 8  
9 8  9 2 4  5 1 0  
I I I I I I I 
9 5 8  I 3 2 9  I 9 6 2  I 3 0 9  I 1 1  I 46 I 11 I 6 8  1 0  
9 !J 5  I 5 4 6  I 9 9 0  4 4 6  I 1 2  I 2 2  I 9 I 3 6  9 
9 9 1  I 4 2 2  I 9 9 6  4 2 4  I 1 3  I 41  I 1 0  I 6 5  1 0  
9 9 1  I 4 1 2 I 9 9 5  293  I 12  I 3 9  I 1 1  I 64  11  
9 9 1  I 2 9 2  I 996  3 2 5  I , 7 I 24 I 1 0  I 57  10  
2 2  I 442  I 27 383 I 10 I 2 3  I 1 0  I 5 8  1 0  
2 2  I 2 5 0  I 27  329  I 1 0  I 27 I 1 0  I 5 7  1 0  
2 8  I 4 2 5  I 3 2  4 0 6  I 14  I 36  I 1 0  I 4 5  8 
2 8  I 5 6 4  I 3 2  4 8 0  I 1 2  3 8  1 0  I 6 5  1 0  
3 6  I 4 5 1  I 4 ()  4 5 7  I 1 1  4 2  1 2  
2 2  I 2 5 0  I 3 1 4  I 1 1  4 1  1 1  6 2  1 0  
9 2 9  I 4 8 2  I 9 3 3  3 1 9  I 9 2 8  1 0  8 0  9 
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